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hr.nii'' Willi the two city cases. Tliis. subsoiiucnt development rabi< 
u (jtIt•^tio^ OS to wlicllier tins was nn in^lanco of cojiveyjinci' of . 
tiiiM by pel-son or by pliu*e. 'I'iu' vi<'iuily was beavily infested wiij. 
rats imd inosqulloes.. 

Sloi-hcille.—A family coiisistin«r of the fatiier, molber, and six eiiiU 
dren tinder 10 yi-iirs of n}j;e, in jmor eeouomio circumsUnees, mov.-d 
on June 27, 1941, from Moiitjiomeiy County, Ala., to a bouse in 
very insanitary section of a cotton-mill village in an outskirt.of Starb-
ville. Tbe baby boy, ap-d 10 montbs, tievi'loped upset stomacb and 
diarrbea a few days before tliey arrivetl in Starkville. A day or lu., 
aftiM* liis arrival in Starkville, lie developed paralysir. He bad wbar 
ai)i)onred to be in nil respects a definite clinical ease of poliomyelitis. 
A large number of children from all over the mill village, with a popu-
lution of about 1,000, were in close contact with biin and bis broibeis 
and sisters. Tboiigh a close wateh, was kept by the mill company, 
doctor, and by tbe local health officer, not another case oven remotely 
suggesting poliomyelitis developed'among any of the other pei-son# 
living ui fchc-mill village. The insnnltury conditions and the associa­
tion of many children with the nillictcd child were comparable to tbe 
situation iii the area woi-st affectetl in Cordova, Ala. Measles de-
Vi'hped in all six of the chiidn-n in the fntnily with the case of polio-
myeiiiia about. 1 week after their arrival in Starkville. From them it 
spread widely throughout the mill village. 

CONCLL'SIOK.S 

1. The findings from this study have epideiniolog'.lal signincance. 
2. The, prepoiuleriinec of the epidemiological evidence is tluit in 

Mississippi in 1941 jjoliomyclilis infection was siircad mainly not hy 
pci-sonai contact but by unknown factors. These factoi-s perhajis 
included rats, birds, domestic, fowls, or bovines as iuirbonigo, and 
houscfiics (i\/wsca dotncsh'ca), stable flie.? (Sloinoxi/s calcitrans), blow­
flies, mosquitoes, fleas, or other insects as vectors, and lomled to 
opez-ntc with .s'trlking focQliaation. On tiio whole a picture was 
proseiUcd of spread of infection by place rather than by person. 

3. Epidemiological sUiclios of this kind on a large scale, covering 
difffrcnt Jicighboring com2rmnilj{w and also widely sepaivded regions, 
combined with c'fly dirceieJ, coordinated, and concentrated hibora-

^.^osearcli wor!.., would go (ar, probably all the way, within a reasou-
r.]^c py.'iod o.* time, toward sqjuUon of tlio problem of the caasntion of 
poliomyelitis. 
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i.^^FIVE FUMIGAXTS FOR OF 
AND CLOTHING: A COMPARATIVB ST'JDl OF INb^ClI-
CIOAL PROPERTIES 
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l.fe^Fui^igation has been drfinod as the process . 
%'S:->ases witli (be objOct. of destroying insects, vais, mice, and ot.bei smaU _ 
|r:^^LmaIsac:tmgasvectorsc)rinreKion.- fnvmwof the prcsenl-poUnCial-
i-- for the spread of disease during the congregation of mibttuy and 
t .id: civilian popubitlons, it lias seem.Hl timely and uppropnate m re-exannne 
li"-: propei-cies of some of the principal fumigants and < etenniim Ib.^ 
•k ': - properties under test conditions. It may be, too, that tbeio v ill be ar 
i' •'increasing need for tbe extensive use of fumigants in dismfestrng 
I;.";; fabrics and clothing coming into the United btates from infeclc.l 

f vd '^'inibia ir attention was directed to u con>idcratiou of the ellee-

'i i'^and bedding. The cbemicats chosen were those wbidi lavu siiO\\n 
fg ovW.m» oJ kaluo «.„! h;.yo I,,;5.d wdh r.;po.-tod 
1 '^•- success bv pvdjUo bcallb workeis. ^ 
f'S . 2.u».5/a"/« /c.s-/e(/.-Tlio finniganls tested were hyt rocyanic ae d, 
I 'IV ciiloropierin, methyl bromide, etbyiemi oxidc-caibon dio.Mde ' 
f • '• m tlie propoj-lioii of one. part eihyleiio oxide to nmc pfuds caiboj 
t'^'- dioxitle, and ethylene diclilunde-earlmii tetracbiondo mi.Uuic m H'O 

proportion of Ibreo. purls ethylene dichlonde to one part carbon 

toMi..S nud. of tho r,...dg.Kd5 tiK. 

vvpoiiits were observed: 
i f- I. Miuhmim Idhal t.m™alntlmn (MI.t:) for inseris ami rau. 
I - l',.|ici latiiin of fiiOrit'S 
; . U 3. Titae osiiostiro. roqutrecl for killi»a. 
t './• : 4. Siifvly ftaiiiO'S. 
J ;';:'- 5. Kirect upon falmcs, 
f • (5. Tt'n)por.iUiro as it. afleolmi mavclicidfil puaiitECS. /> ' , 

7. ^k'tUoJ6 of application. • L 
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' *Mcchnnkal equipmc-nt.—ThQ tests wero coiuluclea under laliornlniy 
condilions in a gus-tijrlil sieel cluunber iiaving it eiijnioily of M.ii:;; 
cubic feel and provided wilii speeiiil inlets pcriniLtuig tlie inlrndiietif.it 
of accurate quantities of the fiiinigunl studied. Provision was jnad, 
for ohtaijiing a vacuiini of 25 inclios or more of inercuiy. 

Expenuu-ntal condHiona.—In the tests for penetrating citialiii,-.., 
• insects were placed between layers of blanket material folded in siidi 

manner that the gas^woidd have to penetrate eaeit separate layer hefniv 
. rcacbiitg the inscci&. Tlie material was of a tliju eotton-wool mixiur.. 

averaging 16 layers to tbe bieli when eoinpressed i)y a pressure of 
pound to the squaie ineb of stirfaee. 

T'V/nfn used.—^Tlio inscet.s used in (lelermining the efFieieney of liie 
f\imigants were bedittigs {("mex Udnlamis) and coekroaehes (fkaffi/ln 
gennatjica). The wild rats were of the Is'prvegicus species, 'I'lie-^.-

• particular verniin were eboscn because of.tlielr reputed resistnuce to 
fumiga.nts.. In preliminary 'tests it was noted that, bedbugs, in 
varying stages of dovelopment, exhibited no domonstrablo difierenee 
in resistance when exposed to the fumigants. However, only those 
past the Ihird molt were used. In the case of cockroaches the adults 
appeared to be more resistant than the young and for Lh.nt rcasojt 
only adults were used. A r.onsiderablo variation in tbe resistance of 

• individual bedbugs and cockroaches was nqted, the greatest variation 
being founti with-hydrocyanic acid and the least with chloro])ienn. 

' • Tho results obtained in laboratory tests with the fumigants under 
statetl conditions are shown in tables 1, 2, and 3. . 

VT~'''''' (fdi'd conmUhitinn and lite r«nrfn/rn/ifln/(jr a 1170 prnrid 
' aill uj hedhxtgit hy ettch o/ Jive fumigdnts, in ounces per 1,000 CMHC feel, uiukr 

•, comparohle con//j/iOHs 

^{ LC for IviUiiu 0 in ot. iu>r 
I.OdO cii.fi. 

Concrntmllon rcdiilrcil for 
n IliO iH-rcctiL kill iif 
Imps In ot. per 
Cll. (1. 
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I 'fecLE 2.—The mininivui Iflhnl rmifrnlnitioii <tiid ihr 
of cockraachrshy each of Jin fnmignnls, i« per 1,000 rohicfid. umhr 

' 'coinpurahlc cotiililion'i 

-

bfv 
IVV:-

MLC for ei>',-J!ii>riPlii'.s in oz. jx-r 
fl. 

tTnjiro-
tliOlOll 

4;,i:^v()n>cj;nmciii:lil 
•^. 'VcfiluRir'cin 
f'.'V.-Eiliylenu oUilii mix-
^••>VBthy1"no iliflilurldo 
,v'feniUluro. 
IhliL^ 

•i') 

I'roliflP'l lij-llJlii.v 
or* iif Iplntik.'l 

A'miKi-
lOuTio 

jiri'S'iirc 

lU 

roti'vnti'.U"" r.'.inirf.l lor 
r> IIPO Kill of i ix k-
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^TAm.B ^.—The winhnnm irlhnl conmdnilion of o fumgiinh, in onnrcs prr 1,000 
. aihie firl. for the. dnlruclim of u'lld rids, under ivwiimtihle londilions 

/»r'S ' 

ruiiilpnnt 

.\ir.f! forrais 
ItiDir't^-xixr II,...p. 

J.IKWCIlllIC .S 
fMfiiniir.v 

loi'H-U) 

of 
•isurt' 

U 

Viihn'uh.Mt 
e'nii)''rntiire 

r-iUiV 

S'i" lo 
(..I'. 
TC III 
'-e. 
7V. 

•?. jj-, 

f "'*'' llydrocyotilc nclil 
.• v'.Cfitordiilcrltj 

,?• • Mcihyllirnml'lP 
,i- ;,;Tiaivl"iiPii\i'I.' iii'aiirc 
g ;;.^ihylriiu diclili.rli!.! mi.vliii-u... 

ITo obtain the, data shown in Ihti tables. 139 tests were tniitle. 
|--Thcso ranged from a subletiial dcsagfi witli various conditions of 
i'^'exposnre, temperature, and protection, to the maximum dosage uecf-s-

Biuy to produce u 100 percent kill. In comparing the fumigants the 
|'%eriod of c>q)0sure to which tho insects and raUs were suhjeeled wii.s 
I -?''sotaL4hour.s, forpjvliminary leslslmd shown thaHlic rcfluced 
I'S-of some of tho fumigants (ethylene, oxide and ethylene dichlorido 
r -vmixtures) wlicn applied for less Hum 4 horns could .ml be. eomi.e.t-

Bated by a proportionate, increaao in concentration. Quick acUoii is 
I ;">^of prime Importuncc and a fumigaiit wliieh is not capable of producing 
l/y-satiafnetf.iy results within 4 hours will Im of re.sirictetl value 1() 
|."':'vihc limit of 12 hours the eO'eeliveness of all Hie fumiganU was foinifl 
I'-" do be ill direct prtiporlion to Hio period of eXimHiiro. ^o tests weni 
i miidehcvoiifl UiaLexp<>siiro pcrioil. .... 
1 . ti)l.befollo\\ingobserViiiii.n«: 

i ..liiJi iUMi btlial dosfa'.e of eadi funiltffviit hlimvK 110 iiiiirked (lltTi-rei.ec 
^ . : < r. betj.hup.^ and rockrcaclies. 'I'he oxpo.Mire of wild rats wa.s laade Ix-caii-sc 
- dv.x-' t."'ee ---d Hiut ihree loemats would mum nearly apfiroximalo liuiuaii IK- HK.S 

:cta lat.acti, H !o U..U .yiae.. It will be. uo.o.l th.at the grcfUcsl var.at.ou 
;• / li febfi fll h ix'iwrvu I'"-: :?-•' ^''^'iasccta tested was fom.d m tlio case of cbloro- 2 . 
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. d'uZo 7 r c'l'I'Tupin-i.! 0,1 ,h, . delicate hu,« hs.ur of rnts ^uperhn,,,,.,.; upo.i liio pun-ly (o.ie ofFccV 

" vorv M',"- ^''7 J"'' qi«ilitics of the fuii,i,iui.ls follov..-
\or% clo.cl.\ thLir molecular wciglu.-?. llvdrocyauic ncid and cllivUmo oxirt ' 
cnriion diOMde mivluro arc the least ivnetrating to falirics. havii^si nioio...,!. " 

Skm nnu^ial'.' '' pcnctmled 32 lavcrs nf'ti,;.! 
b nnki t marenal composed of a mixture of cotton and wool in a .J-l,our ox,,o>-nre ^ 

anTornro.r""T''"'" . of tiio otlnr fiimignntB. Hhcn a vaciimn waa not tisad, limcAVus the csyenti-1 
factor in the penetration of fabrics by ail gases. When a- Vacuum S 2 in7l ! 
moi^e «as used, pcnoti-nt.oii of 32 hlunhoi layeas wnsaccm.ipHshed bv all the fm, 
pant.-. In this connection a ecncs of ti'.sta was machj with cliloropicrin usii-e « 
conunereml 6teel fmi.igallng clmmlier of 2..iOD cubic feet capacity. A iomplele 
kill of both bclbngs and cockroaches was obtained within tlic center of a com ncr 
ml bale of cnttini, the concentration Indiig in omices per l.DOO cnbin feet with a 

Lniled Statto Beparlnient. of Agriculture publication,' the insects weic placed in 

center of ^ba rof n 
• rnexno.^d totr. • "T"'' PJ«ced but une.xpo.'ma to gas u'ere not injured. 

.. 3. T-nT/crty.-In proportion to its concentration, hydiocyauic acid annearod 
to be the most to.x,c of the fuiniganls tested, although the spread between the 
mmmnim lethal concentration needed to produce n 100 percent kill of bedbugs 
and cockroaches was very much greater than was found to be II,c case with the 

. other fum,gants tadod. Chloropicrin and metliyl bromide a o ga -c a a 
• -l-hour period of exposure. With ethylene oxide a^ 
- fivi tr^7' 7 '°"Scr e.xi)Osiire waa needed to obtain the fut! 

toxjc etfccts under all condition.s. " 

. a. noted that wlien exposed to liydrocyanlc acid they eltlier liled (hiring 
delaT'rtox e e/ "Tl'r" recovery, indieuling tl.at no 
dtln.\Id toxic ctrect resulted from exposure to flie gas. With cldoronicrin when 
death of ilie ammal did not occur during or inimediately aftci- o.xno«mc to a dusT-e 

• -wore Obwml ohwrvdl. linla racovcring from such aymploins 
in n'l L|™i «l.ioh period Cl.oy n,,pe«retl norma! 

•onrnnrJ;.tavM%"''"'^ "! ° •"""="-yM"nn,id,., doalh wrer fra-
ir.™ olf " T. ^ "'""•'"'•'"I 'lonlh nmol, Inler. 
a» porsi-stod for a long time. Cockroache.-= 
feetTfo rT" symptoms when sub-jerlrd to a tone, ntration of the giw considernldy (-.xccedlng tiie MLO 

lib "llinl?.lT!o^;i"''-Vr'^ «ido mid 0.1,yle,,,. dlcldoridn .niMiiros in omiconlrn-

« '"»fli»ily, rnlfod tor, nnsloudy gait, ami a 
n.to\ rjt i\\ton<n*»iC ovi*r Kovcriu wccj^s, 

ftr?" i 'Y' ^ ''Miiigant frequently depends upon the en-e 
Jl-c'v Ob erveti ' n l'' «f M"' fumigu.K-

•oe-., nVl ^'77''''. Jwas the outstanding gas in this respecl. a 
ir; 1 .K to humans bccnus.' 

the- A' In its gaseoud form this is believed to l)f 
i''^ ' .wr.upan.s tii-ttd, altliougli tho fumlgator la subjected to the 

• T(clg.Icat1lcJlclUiXo.63, lJ.S.Dtpa.iaient(gAjricnltur0. 
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I'- Tiazivrd of severe skin burns when haiidlUig cliloropuTin in IKIUUI form unless 
I 7-,protecled i,y ruidier gloves. The fiimigant proseiils no explosive or fuv* hazards, 
t ^ Methyl bromide, highly toxic, in Its clToi'l.", has only a slight odor .suggc.-ting 
I -•S'bronunc and iL is very dimciill to e.-timatc tlio gaseous concern ration by ilie sen-e 
I • -^of taato or smell. Hats c.xposerl loMiiileilml eoiicont rut ions of tlu> gas frctpiently 
f v^'^.Vxhibiled no symi)lom.s during tlio period of expo.-uvn Imi evidenced toxm sym|>-
I .4vtoms lioiirs later a.s shown l>y reduced activity and refusal to eat. Xo irrita-
1 '^tion to the eyes was noted in minimum Iclhal cmiceutrations. I'or those reasons 
t is considered jiarticularly dangerous-. 

^iJoillicr ethylene oxide mixture iinr ethylene diohlorlde mixiure has snilieienb 
t'.^^^warning qnaHtics by winch it may 1,0 readily dideoled iiy otlior liinn oxi>erioncod . 
I ''vfuinigators. ]Ti'(]Ucnr. exposure of fumlgutor.s to suiiletlinl concciitr.ition of 
fri^v ihcsc'ga.sc.s during ilie process of aeration may produce a cumulutivu toxic cITcct. 

5. iiiJfci on /utfrAs.—None of 11)0 fumigi. t.s in gu.scni.s form were found to 
% •^^^atTcct the culoror lextuve of faljncd or noticeably to eunoi'c mutals. Samplus of 
7 Morions iextilcs of botli vegciablo and animal origin were sulijocted to large qna.n-
Ir ""'^Titica of the fumigants in gaseous ftu-in without any dcierinraticm being noted. _ 

G. TciHprmbuCi-—A low temperature waa found to alter materially the ctii- • 
iiiAcicncy of two of the fumlgnnt^i, oth.yhmc oxide and ethylene dichloride mi.xture.s; ^ 
f iMror thcao fiiiiiiganta a temperature of SO® P. or more was required to obtain a 

Wximum result, althougli fair rwultn could be olnaiiied at lempi-raturM ns-lo\y 
T-'^i^^aa G5° F. Below the latter Icmpnraturc ethylene oxide, mixture was unsatisfac-
i^tory. Kthylenudicliloride mixture was found effectivc as low a.« .b7® F. with only 

moderate Iricrciwc of do.sago. . • i- •« r 
7. All of the fumlgaiita mentioned may be oiitaiued comincrcially in lujuid form 

I vKin steel cylinder.^ from which they may be sjirayod into fumigating claimbcrs or 
?ii:;7.compartmen1.s, under their own prcKsnrc or that of compr(LS.-cd air. \\ i|h hydro-
f. '-Mcytiiiic acid and chloropicrin this method may bo altered liy di.sLriimiini:, from 
"I V'-'Bcah^d cans, iin[)rogmiled absorhcnl disk.s containing the liquid gas. I hi'se caiw 
|-;77" aro light in wnighi, ciusily opened, and contain from 1 to 4 poimd.s of liquid ga.s-, 
K -:i'!each disk ropreseiiliiig about J'l omice. , ,, , 

: 'J-iio application of methyl bromide and ethylene oxide and cliiylene diclilondc 
I •'V mi.xturcs rcciuirc.i tlic trans|)orl!itlon and use of lu^avy, cumbersome steel cuiilam-
iMtors cciui]>pod with pressure gages, gas-tight valve.s. .sprays, Imse. etc., together 
I*®with scales for weighing proper rim\ntltip.s for small eliambers or cnnqmrlmmitj. 
fe-i*'With hydrooyariic acid and cliloropicrin all tliis equipment may be dispensed with 

by tho use of can type containoi-s, ihm: rc.solving tlie pr^'bleiii into one of cunipara-
^ tlvely easy traiwportatiou ami simple iippllcaliun. 

When tho transportation of licftvy apparatus a-explosive giw prescnt-s a major 
problem in the dislnfe-^taiion of bedding and elnthing of Mm eivil population or of 

I'u. the armed fnrcc.s, it would appear that chlorO|)icrlii Is tim fumigant of cliolce. 
n •;-'' Tho excrcis-c of a little Ingeriuily In convcrtliig smidi empty buildings, plirkmg 

boxes, triush onus, tenls, canvo." bags, etc., into fumigating deyices slu.nid pernnt 
|v,> -the mse of chloropicrin aa a disinfiatalion agent under uoiuliiions whicli might 
f-'r *: otherwise bo considered ailvoi.«'C. 

ICONftMISiO.N'it I '• •' • « .,7 ; The choice of a fmni'iunL will dcpom! tipoit lomitinn, time, space, 
Equipment, Iriinsportntion, qimlily, fjimtillLy, use to wliich the fami-
gatod matonul is put, pi-e.«oiic.o of tniijietl opcrator.s, snh-ly features, 

lr- "tmd tho kind of insects to be eradicated. When so many facLor|-
li-;t:rmusl be taken mlo consideration, q comparisou of the value of tlid' 
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fiiini^-ants li'.Mi'd is diniiMili and li»o rcsiills mny viiry .soini'wi,,. 
nci'ordnig to iiuilvidunl jiidttiiii'iU. 

Xom? or llio rimii«jiinis ii-su-d wciv found (o bi- idoal in ovcry j.. 
s^pocl, and noslngb- fifrntgfuil ^vn.ssjjpcrlnr under all mi<l|{icins. iltr- ,. 
oviT, in ronmvtioii with bwhliiig, clolbing, and liki' tcxiilis, it is h . 
liovod that hydrocyanic acid and ciiloropicrin arc. the finnifxnnl.s 
choice. As an in-sccllcidc, chloropieriu a.pj)(;arcd to have the most d.. 
sirable qualities. It is noncxiilosivo and has oxccilcnt waniinp; clan. 
actLwiatica in snhlcthnl concentration, lints exposed to slijrhtiy h -

letlnil coiieentrntion for a period of 4 hours simw no ovUiciu'i' i.; 
penniuient paliiology. Tiie olijeclion to this gas is mostly conciM'iu.: 
with the noecasily ior ventilation following fumigation. It cllug.s pcr-
sisicutly to fabrics, requiring either prolonged ncratlon, agitation, hcai-

ohjectiohs arc ?o serious as not l'o be easily oveicijinc.in a ronpnerciid 
fvnnigating vault located In'lprge centers of population or by isolatini: 

., the fumigation chamber in field di.sinfestation of bedding and clothing. 
" It would appear that cldnropicriii has considcrahla possibilitic.s as 

a dclousing agent for clothing especially when war conditious recpiiiv 
such tre.atmenton a large scale and when suitable npparatu.s foi- the 
application of steam heat is not available. Moore' and Monro and 

' . IlerschfeUler' report the destruction of both lice ami eggs in 30-minnte 
exposures using a concentrnlion of 4 cc. to a cubic foot of spaco. 'I he 

, . same results should be obtainable by greatly reduced concentration 
if the pxposuro woro increased to a 4-hour period. Tlie writer was 
able to obtain satisfactory kill of Ibc eggs of bedbugs in a concenlra-

•" tion of 12 ounces per 1,000 cubic feet of spaco with a 4-hour exposure. 
From a toxic standpoint, nictliyi broinifie is an excellent funiigant 

for bedbugs and cockroaeiie.s. It is noneXplo.sivc and presents no 
fire hazard but shows evidence of a delayed toxic cllcct in sublethal 
eoneontration. It is not readily dete<ded by the, sense.s of sinell ami 
tasto. In Gompiiratively weak concentration a toxic quantity may 
be iulialed without the victim being aWaro of exposure. 

Etiiylenc oxiile-cnrboii dioxide rni.xtiire proved e/r«ctivQ as an in.scj'-
jtieido when the testsuhjeds were expo.se.d to the fuirconeeutration of 
W^.vlnn is '^mnewhat dcli«'ient in penctruling quuUtie.s and nupiii'C' 
"proloug'^d exposure to pcijdiice results. 

^ In I'Oinpariug (lie relallvc Inxleity of the ethyletn? o.M»le and. "th\ lim* 
, diehlovide mixtures, the Uiml of insects tested must be considerc I. A 
•,^mLl:pyrm.tiige of bolli liedhugs ami cockroiicho.s proved ti W 
I t\t5-e£iely:rC'^istuUt xn ethylene oxide inixturo, necessitating a high 

« • I »» V .1 

Wm.; i, Uh. una Cllu. Mc.1.. 3i2r.t-2iV» (lOl.'i). 
»Mi.«w.Wm..unJn.TMlia-Wcf,A.D.! Unlv.-pl ^^nu. npwjirch Pub., Vol.8,NoH.Julyl01C(6r,piir."' • 

f' (loacenlration of the gii- in Miih-r to secure a tlMl penvnl kill. 
I AAotliov hand, a small peivenlage ul bedbugs appeared qmle s\i>eep i »i 
\ this gas. l'\ir enekniaeiies eibyieiic ilicldorule uu\t\ue appium 
f •"^Wuiitelv more toxic Ibuu ibe elliylene o.shle mi\Uuv. At 
a ^ turos iieiow K. tim ell.ylene dieblnride nuxture wnsiuore e hyl.ve 
' the elh>UMU. oxide mixture. The low toxieUy 

•Idcases coupled wiih liie high enuecnlratiou ms-essary mordi'i- to oUnm 
vJ-R sntisfaelory kill of insects are imdesinilde leatures when laign 
'Adouontitie.s oi bedding ami uplmlsiery are to be funngared. _ 

J No new data relative to the vaiue of liydrocynmc aeid 
ifrdcveloped ))V these tests. In tlm absence of a vacuum tins gas did nj t 
I -n-dponotrato fal>rics quite as readily us chloroi)u-riu or inetliyl hinin' • 
pA'Th. absence of defmite wurniug cpmhlies in letiml coiicentiatioii 
f •^'•rerdeis it dangerous to life when useil i)y inexperienced person.--, 
lilltovovcr, its I,is), to.virily, n,|,i,l,<-vo)..tion frmn « lui«Ul to « gas.™,, 

coupled with the fact thai the gas apprnxmmfes the y ' 
I au" and thereby promotes rapid diffusion, makes if. a ; 
|.fe'EfintforeradiiMitiugrode^ bmldmgs imd then fui-

llmse mentioned indieatc that in tluy case M 
-^'CYanic acid tlie re.siduo gas reinammg in fabrics following finm«ation 

• AvHinueli tn-cater than formerly believed. Absorption and adsorption 
appear to play an important role in the ability of a fmmgaat to peiu.-

•^^T^^S-sted tbiit in addition to the processes ^ 
-adsorption there may be a reverse e.hemical reaction between ceitan 

fumigants and tabims derived from both anima and vege-
M :;^able fibres, which may account for a portion of retained gas. 

I 
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Fumigants for Quarantine Control of the Adult 
Brown Dog Tickd Laboratory Studies"'^ 

- - ^ HERBERT Roxii 

Plant Protection and Quarantine Progranig, Animal and Plant Health"Inspection Service, USDA, Hoboken, NJ 0703Q 

' ••"""ABSTRACT •. ' "" 

I.; 

Small-scale laboratory fumigations in 1072 indicated that 
comparalivelj' high dosage schedules of metli}'] bromide 
applied at botii normal atmospheric pressure (NAl?) and 
at a reduced pressure of 105-110 mm Hg were required to 
provide quarantine control (100% mortality) of Rhipi-
ccphnlus sanguineus (Latreillo). At NAP, 61 mg/liter for 
3.5 h at 22.2°C and 96 mg for 5.5-6 h at 11.1° gave control. 
SuUuryl fluoridG lG-32 mg/lUec Cor 16-21 h and ethylene 

oxide-carbon dioxide (1:9) mixture ICf 
Iw^j^^medj^ecti^o at NAP. 

of carbon tefe^Bn9^Wiik^lTec{ive oven witii an exposure 
as short as 1.5 h at near 22°C. Fumigation below 10°C 
does not appear practical for the fumigants tested because 
of the high dosages reqttired. 

Ticks occasionally are intercepted on or with various 
cpinmodities in commerce. Practical methods of quaran­
tine control (100% mortality) for ticks of medical or 
quarantine importance arc needed to provide minimum 

' damage with least interference to trade. . 
Little or no information is available regarding effi­

ciency of various fumigants against ticks. Barnclt and 
Parsons (1903) rcpoi-tcd that methyl bromide (MeBr) 
35.6 mg/liter for 24 h at 2l°C or above at normal at-
inospherie pressure (NAP) killed small numbers of 
adult ticks of Rldpiccpluilus appcndiculatus Neumann, 
R. evcrtsi Neumann, and Atnblyomma variegalnm (F.) j 
nymplml stages of R. appendiculalus, A. rortcffafum, 
and Ormf/iodorus rnouhaia Murray; and larval stages of 
R. appendicnlalus and Boophilus decoloralm (Koch) in 
the center of bales of haj'. Eggs of B. decolor^us failed 
to hatch after a 4-h e.vposure. Some adults of R. appcndi­
culatus were live and fully active 24 h after exposure to 
17.8 mg/liter for 24 li. While some larvae of B, dccolora^ 
tus and adults of A. variegalum were live but incapable 
of active movement immediately after exposure, they 
were dead the next day. Reported liere are results of 
laboratory tests in 1972 with various fumigants against 
adults of the brown dog tick, 72. san^utneits (Latreille). 

MATEIIUUS AND MBTIIOD.S.—With the cooperation of 
Livestock Insects Investigations, Agric. Res. Scrv, 
USDA, ICorrville, TX, 200 engorged adults of the brown 
dog tick were received weekly for 26 weeks by air mail. 
Upon receipt, the caged ticla were held for 4-28 h at 
near 5.6°C. The ticks were divided randomly into lots 
of ca. 20 each and placed in perforated pill Goxes. The 
licks were normally lield for 48 h or more at treatment' 
temperature bcfoi-e fumigation, and afterward they were 
held at treatm.'^b temperature for exa-uination the 
next morning, usually 16-24 h. Survival was considered 
as the ability to walk. Survivors were examined later to 
dclermme if delayed mortality occurred. .' 

Fumigations were made in 210- or 230-litcr fumiga­
tion drums at NAP, or in a 19.1-liter vacuum chamber 
at a sustained reduced pressure of 105-110 mm Ilg 
situated in a controllcd-temporature (d- 0.8°C) room. 
Sulfuryl fluoride (Viknne®^ or etlo'lene oxide (EO)-

CO2 10:90 mbcture (Carboxide® ®) were added to the 
drurn until the desired c.xpcrimcntal concentration was 
obtained us determined by tlicrinal-conductivity (TO) 
analyzers; for these 2 fumigants only, the ticla were 
placed in the drum through a small stoppered opening. 
MeBr was measured in a glass dispenser calibrated in 
0.2-mI divisions. Aluminum pliosjihide (I'hostoxin®®) 
pellets were placed on a metal pan in a drum containing 
damp toweling to provide humidity. Ethylcnedibromide 
(EDB) was measured from a burette calibrated in 
0.01-ml divisions into a stainless steel cup. Tlie cup was 
heated 3-5 min on a llO-w ring to insure vaporization 
of the EDB. E.vccss of CCI4 was added to a 1-quarb jar, 

1? i1 A It _ • • . so that after sealing, the atmosphere in the jar eventu­
ally would become saturated (ca. 896 mg/liter). Fan 
circulation 2-3 changes/min for 10-15 min was used 
for all NiU? fumigations, except that it was continuous 
with EDB and none with Phostoxin and CCU. (iircula-
tion was alsb continuous in fumigations at reduced 
pressure. • 

Concontralions of MeBr, Vikane, and Carboxide were 
determined with TO analyzers at the beginning and end 
of the exposure, except that with reduced pressure the 
reading was made .5-10 min before the cod of exposure 
following release to NAP. Concentration of EO in the 
mixture was determined by use of a soda asbestos filter 
(Ascarite®) (Heseltine 1961). Concentrations of phos-
phiric from Phostoxin were determined with Dragcr or 
lUtagawa detector tubes. 

RESULTS AND DISCUSSION.—Because of little or no 
evidence of sex difference in survival, data for both 
se.xes were combined. However, survival wh^n present 
was usually of the larger individuals. 

MeBr was eHective at all temperature ranges above 
10°C. Below 10°C (i.e.,near 5.6®) the results were erra­
tic, and the dcsage schedules apparently required were 
not coasidered practical except for emgrgeney use. At 
NAP (Table 1), dosage of 64 mg/liter foil SIG"!! Rppcared 
effective at 22.2°C. Survival occurred with a conceu" 
tration-time ((?!) product (Milligram p;r JilcV X hour) 
of 158. At 11.1°C survival occurred at a CT of 324, and 
2 adults were moribund for 1-2 days at a CT of 465. 

' > ACiirina: Ixodidae 
»•Received for pabliwiUon Apr. 10, 1073. _ ' -
> Mention of A proprietary product do<-a not ncccMarily imply 

eniioreomont by tlie USDA. ' 
• Vikanc fumiBlied by Dow Chemical Co., Midlnnu, MI. 

1 Purchased "by'the 
uV -s. 
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' Corboxide turniBhcd by Uwlau Carbide Corp.. N"v' YerV. 
' lUioiitozin furnisliod by ilollywuod Tcrmilo Ccrp., Alliambra, CA. 
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Table 1.—EfTidency almosphcric fumigalions against adult brown dog tick. Initial observation 
morning after end of 

No. Ticks 
Dosage Exposure CT 

'C ing/liter h mgXh Tests no. Live* Moribund Dead 

33.9 32 2 56 - .1 20 
40 2 66.5-75 4 1 90 
44 2 - 79.5 1 V 21 
48 2 85-87.5 ' 3 V 56 . 

' 2.3-3 100-129 4 88 
27.8 48 2.5 103.5 L 4 1 9 

2.75 106-116.5 4 4« 80 
3 109-129 • 5 " • 1« 99 

22.2 32 -2 55 1 18 
48 3 120 1 2 19 

158 - > - , 1 - 2 21 
54 . 3.5 164.6 • 1 21 

' 64 3.5 175-200 • - 8. 152" 
4 204-229 2 ' 40 

11.1 80 5 352 1 - 1 21 
06 - 4 324 , . 1 1 IS 

4.5 368-389 2 2* • 38 
.. 5 412-465 • 4 4® 81 

5.5 473 1 18 • 
6 518 1 19 

5.6 54 2 78 1 19 2 
64 4 213 1 15 6 
72 16 864 1 3 22 
80 5 310 1 2 I 

5.5 423-452 " 2 4 29 . 
- G 408-486 6 0 2® 119 

104 6 540-564 2 4 1 35 
112 7-7.25 679-703 2 1 2 2 51 

- 128 7 738-784 2 2 1 62 
8 836-964 4 6 89 

1.36 8 876-084 5 111 
144 8 1016 1 30 

: f, 
I 

* Ono or more live at 1 week. 
'' Dci^ at 2 daya. 
' Moribund at I and 2 daya, dead nt 3 daya. 

Table 2.—^Efficiency of, 
morning after end of expos 

rcduccl pressure against adult brown dog licks. Initial observation 

Dosage 
mg/Jiter 

Exposure 
h 

CT 
mgXh 

No. Ticks 

-c 
Dosage 
mg/Jiter 

Exposure 
h 

CT 
mgXh Tests no. Live* Moribund Dead 

550 mm Hg 

22.2 32 2 50 1 1 1 17 
48 2 - 80 1 3 I 17 

105-J10 mm Hg 

27.8 • 30 2 • 62-03 3 ^ il X 
40 ry , 

A 03-69 ' • 5 91 
44 - 2 70 1 . 18 
48 2 86.5 1 17 

22.2, 40 2 66 1 11 
48 2.25 89 I 1 1 18 48 

2.5 100-105 2 2^ 44 
2.75 110.5-121 5 112 

10.7 48 3 129-132 2 21. 30 
54 3 150 1 21 ... 
64 3-4 170-228 3 56 

11.1 48 ' 4 174 1 4 22 11.1 
04 4 228 1 2" 2 19 • 
72 4 257-290 4 4 9" 81 
SO 4. 316-342 2 3® 31 

f 1 

• il 

f One or more live nt 1 week. 
° Dead at 2 days. 
' Dead at 3 days. 

• * 

• • 
I • * 

•Q-yc "6 

s :;s;y;rr::r:pu:=gi:»^pxi^ • 
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Table 3.—EfTiciency ofKlfiiOT^uoride^n atmosphr..ic fumigations against adult brown dog tick. Inllinl observation 
morning after end of exposur6"?<^'^^*^w 

Dosage 
mg/liter 

E.\posure 
h 

CT 
(mgXb) 

No. Ticks 

Tests no. Live" Moribund 

• Uve nt 1 week. 
" Moribund at 4-0 h, dead next morning. 
" Dead at 4 days, uo obwrvnUons at 2 or 3 days. 
" Dead ut 2 days. 

Dead 

22.2 10.0 16 186 1 24 
18.1 • 16 573.5 1 • 22 

- 32 24 058.5 1 22 
10.7 14.2-16 10 • 212.5-240 2 36 

11.1 
15-10 24-31 348^66 2 38 

11.1 15.9 16-20 241- 301 2 7b 40 
16 24 372 1 

7b 
19 

31.9-CG 10-24 503-1497 10 208 
5.0 11.5 20 220 1 1 8" 10 

, 31.0 10 496 1 1 20 
45.1 16 708 1 22 
17.7-35.4 16 262-489 5 2d 99 
12.4-28.8 20 221-574 7 2" 141 
12.4-35.4 24 297-722 6 Id 117 
48.0-53.1 24 110'i-i232 2 40 

Limited tests indicated that a schedule of 06 mg for 
5.5-6 h appeared satisfactory with a CT of 473 or above. 
Somewhat lower dosages and exposures arc required to 
kill the ticks at reduced pressure (Table 2). The toler­
ance of most plant commodities to the MeBr schedules 
reqmred for control of these adult licks is questionable, 
especially at the lower tempei ature ranges. 

Sulfuryl fluoride 10-24 h exposure at NAP appeared 
effective at temperatures above 10''C (Table 3). At 
O.CC variable results were obtained. Survival occurred 
in a 16-h exposure with a CT of 708, but in repeated 
tests with a 24-h exposure using lower CT's, complete 
mortality was obtained. 

The EO mixture appeared effective at all tempera­
tures, even with an exposure of less than 24 h (Table 4). 
The only survival (including those moribund) occurred 
in a 6-h exposure at 5.G°C with the comparative low 

dosage of 232 mg/liter of the mixture (CT of the EO in 
the mixture was 114), 

In tests with other fumlgants, CC;: was effective in 
exposures of 1.5 li or more. With a 1-h exposure, a few 
ticks were m '^ribund for several days before dying. EDB 
16 mg/Iitcr for 2 h at ca. 23®C was not effective. Alumi­
num phosphide 12 pellet.s/230 liter (52.17 pellets/m') 
for 72 h at 22.2° also was ineffective. Higher dosages of 
of these 2 last-mertioned fumigants are not cunsidered 
practical. 

In limited tests, adults hold 7 or more daj's at near 
6.G°G pretrcatracnt were more tolerant to MeBr than 
those held ',54-48 h following transfer from 22°C. Al­
though no Lists were made, it is considered that raising 
the temperature of n commodity infested with ticks to 
permit use of a lower dosage schedule, or to obtain a 
commodity temperature at which treatment is author-

Table 4.—Efficiency of ethylene oxide: carbon dloxldc-10:90 mixture in utinospheric fumigations of adult brown 
dog tick. Initial observation morning after end of exposure." 

No. Ticks 
Dosage" Rxposure Tests °C mg/Iilcr h CD' no. Live® hforibuiKl Dead 

V 

22.2 131 .4 59 ' 1 26 
i 146-184 6 73-78 4 78 

168-240 16 192-352 2 43 
11.1 162-194 4 48-58 2 * 30 

162 0 70.5 1 . 21 
170 10-24 100-220 2 ^36 

5.6 179 4 02 1 21 
170-232 0 81-U4 2 2 Id .;„3o : 
120.5-173 10 136-320 8 l7l -
262.5 8 252 1 « 20 -

" Do-inge of mixture as iletcrtnJncd from Initial TC reading. .won 
conceatraUon of etbyleDD oxide (jnilligrnm per liter) aa determined by TC T-sndiiigs at beginning and end of cipfturetibica time 

« live at 1 week. " * 
<> Dead by afternoon. V 0* 

•7 

N 
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Fumigant 

MeBr at NAP 

At reduced pressure 

EO-CO' mixture 

Sulfuryl fluoride 

Temp. C 

JoUBXAI' OF ECON'OMIC ENTOMOLOGy 

Exposure h 
Dosage 
mg/liter 

32.2 or above 
20.7-31.7 
21.1-26.1 
15.6-20.0 
10.0-15.0 
26.7 or above 
21.1-26.1 -

15.0-20.6 " 
10.0-15.0 
21.1 or above 
10.0-20.6 
21.1 or above 
10.0-20.6 

64 3 
SO 3 
96 . - • 4 
112 . .- 5 
128 7 
4S " 2.5 
48 3.5 
54 3 
64 4 
SS 5 
320 16 
320 • 24 . 
32 - 24 
,40 . . 24 

izcd or recommended, could result in survival, because 
the physiological temperature of the ticks was not 
raisi d immediately. This could be an important factor 
in the fumigation of other pests of quarantine interest. 

The above schedules were rccommendeu to tlic 
Procram for fumigation of commodities mfcsied with 
tides. Because of the limited number of ticks tested, and 
with little or no data available on other species or stag^, 
the schedules of necessity are higher than those indi­
cated to provide control. ,. , 

For the EO-CO2 mixture the mitumums are a reading of 
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and inner folds of clothing find hedding, are to 
bo treated. Slinking or beating of bagged or 
stacked textiles will assist even distrlbiitiori of 
the powder. For complete disinfestation by 
tliis method, time must be allowed for the lice to 
crawl about and expose themselvej to' the pow­
der. A minimum of 24 hours afte;* exposure is 
required to insure death of lice. F'ggs are not 
destroyed by this method, and the louse powder 
must remain in the clothing, bedding, and equip­
ment for about 10 days, or until all eggs have 
hatched, sO as to kill the newly hatched nymphs. 

(2) Fuinigation xciih methyl "bromide, (a) 
General, ilethyl bromide is a colorless, odorl^s, 
volntii'e liquid, boiling at 40" F. to produce a gas 
which is highly effective in destroying all foi*ms 
of insect life. This gas is three and one-half 
times as InJavy as air, but diffuses readilyj and, 
when thorouglily mixed with air, does not settle 
rapidly. It has uilusual properties of penetra­
tion and is effective at much lower temperatures 
than most furaigants. Its effectiveness is not 
decreased by the presence of moisture, milesa 
sufficient water is present to form a film which 
prevents penetration. In its gaseous state the 
use of methyl bromide is usually limited to fumi­
gation witliin tight enclosures. "When properly 
employed it kills lice and their eggs after rela­
tively short exposure periods. Exposure to 
mctljyl bromide makes lice more active and they 
may be seen wandering about tlie clothing im­
mediately after fumigation. However, these 
lice are unable to feed or lay viable eggs and 
they will soon die. Hethyl bromide does not 
injure or shrink fabrics or leather, is not corro-
s've to metals, and will not damage other items 
such as musical instruments, watches, and 
cameras. Jlowever, it has occasionally been re­
ported to cAUse offensive odors from sponge rub­
ber. No sorting of clothiiig or equipment, witli 
separate treatment of each type, is required 
when deloused by this metliod. •, 

{&) Prei}(^^twi\s. High concentrations of 
mctliyl brtimido are dangerous to man. Ex­
posure to low concentrations for short periods 
of time will not cause serious disturbance, but 
should not be continued beyond certain limits. 
Harmful concentrations of methyl bromideinay 
be determined with tho hnlide le.ak detector 
(Frigidaire Leak Detector, Piece SA-213G, or 
equal) by noting the color changes in an alcohol 

XGOlllCA 
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flame. This leak detector consists of an alcohol 
torch whicli heats a copper coil and a sampler 
tube which picks up air and supplies it to tho 
flame. The tube must be kept clean,-since par­
ticles of lint or dii.st will interfere witli tho test. 
The torch is adjusted to give a strong colorless 
flame which brings the copper coil to a red heat. 
In the present of methyl bromide (or other 
halide) the flame becomes green or blue as indi­
cated in the following table; 

Flame color 
pBrt5 methyl 
broml'lc (i>er 

million by 
volume) 

Pounds methyl 
bromldo (per 

iliotutand cubic 
reel) 

Almost invisible.. 0 0 
Hathcr faint grcon.. 40 0.010 
Moderate green 00-100 .014- . 024 
Strops allgUtly Wwt at 

edges 130 .031 
Strong green; rather blue 180 . 043 
Strong blue-grcen ; 240-300 . 058- . 086 
Strung blue 800 102 

IVai-m blooded animals can .survive high con­
centrations for brief periods, but prolonged ex­
posures to low concentrations may be injurious 
or even lethal. Based on observations of its 
effect on animals, it is believed that accidental 
exposure to tlic concentrations of methyl bro­
mide ordinarily used in fumigation is not likely 
to cause injury. However, worlcing many hours 
in a relatively low concentration may be harm­
ful. The maximum concentration allowable 
within fumigation plants should not exceed 30 
parts per million. The air about the fumiga­
tion vaults and in the areas where fumigated 
clothing is handled should be tested frequently 
to assure safety. If directions are carefully 
followed, the entire procedure of fumigation 
for delousing clothing can be done safely with­
out the wearing of gas masks by operating per­
sonnel. 

(c) Methods. 1. Vault fumigation, (a) 
Equipment and supplies. The vault provided 

g«s _ 
for introducing and circulating methyl bro­
mide. The amount of method bromide used will 
depend on the temperature of the clothing or 
other mutmaLwiiidi is fumigated. When tem-s. 

ic •:<' rtf\tyr>tia1 
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Kiil con-
cenCration of tha gas isra^miutesf regardless 
of temperature, Metliyl bromide in l-pound 
cans is requisitioned from the quartermaster as 
stock No. 51-M-892, :••• • 

(b) Proctffiura. - The men to be deloused 
bring with them for disinfestation nil items of 
individual clothing and equipment, including 
barrack bags, and proceed as in steps 1,2, and 9, 
below, while fumigation personnel ordinarily 
carry out steps 3 to 8 inclusive:" • 

(/) Each man undresses, places all clothing 
and equipment, including tliat worn, in the bar­
rack bag, closes it, and marks "it for identifica­
tion. Evoiy^thing, including shoes, helmet, and 
valuables, must be disinfested. 

(5) After depositing the closed barrack bags 
at ^ designated point, the men proceed with per­
sonal disinfestation as described in a (2) (Zi) 
above. , •. . 

(5) Load the fumigation vault with bugs on 
tiers of removable shelving. If trucks are pro­
vided, load bags onto tlte trucks and then wheel 
into the vault. • • - » 

{J,) Close Lightly tire vault door and all open­
ings, and set tiro damper to "circulate." 

(d) Start tlic circulating fan or blower and 
introduce the required amount of methyl bro­
mide (see above). Immediately upon introduc­
ing the methyl bromide, make a careful search 
for leakage with the halidc detector; or, if the 
vault's 'quipped with a pressure gauge, watch 
this closely for signs of leakage. Locate leaks, 
if present, and stop with caulking compound. 

(G) Start the timer and circulate tlie methyl 
bromide for 30 minut(^ • 

(7) Set the damper to EXHAUST, and venti­
late for 10 minutes. During tlie last 5 minutes 
of this period, open the door, to allow better 
ventilation. Do not enter the vault until the 
end of this ventilating period.-

(S) Eeinove bags from tli6 vault and trans­
port to the di-cssing station or entrance to the 
"shake-out" room, identify, and return to 
owners. • 

(9) The men shako put ea(^i garment ̂ ^tlior-
oughly and dress in a well ventilated area. 
Make occasional tests with tlio halide detector 

to assure less than 30 parts per million methyl 
bromide in the dressing area. 

JB. i?^,',/twntpaijon./*This method is used 
only out^f'doors or under shelters with no side 
walls. Since it is not convenient to vary the 
amount of methyl bromide used, it is necessary 
to vary the time for exposure according to tem­
perature, as indicated in the following table: 

Tcmpcruture dcprces Ffthrcnholt 
Length olex-

poxnro to 1 OTD' 
pnlo methyl 

bromide 

5i hour. 
lYi hours. 
1% hours. 

60 to 59 
5i hour. 
lYi hours. 
1% hours. 

5i hour. 
lYi hours. 
1% hours. 

9 to 39 ... — 

5i hour. 
lYi hours. 
1% hours. 

(a) Egui-pmcnt and supplies. Bag fumiga­
tion is done in (he bags, delousing, stock No. 
27-B-208. There is an inner pocket for an 
ampule of meth}'! bromide, which is.broken 
after the bag is closed. The walls of the bag 
are of impervious material, and the ends arc 
folded and tied for closing. The fumigant for 
use in hags is methyl bromide, 20 cc ampules, 
QM stock No. 61-]\I-8SS. 

(b) Procedure. A numbered bag and iden­
tifying tag is issued to each man who places 
therein all his clothing and equipment. The 
operator inserts an ampule of methyl bromide, 
closes the b.-Jg, lays the bag on its side, and re­
leases the gas witliin the bag by breaking the 
ampule. During the period of exposure (see 
above table for time required) the men proceed 
with personal disinfestation as described in 
a (2) (7>) above. At the end of the exposure 
period, the bags are identified, ojMjned, and emp­
tied , care being taken to avoid breathing tiie gas. 
After airing for 5 minutes, the clothing may be 
worn, each garment being fii'^t shaken thor-

S. ^t^fwnigation.'^ When vaults or delous­
ing iSS^'^riTu^'^vdilable, it may be necessary 
to use a pit. By dicing a hole 5 feet deep aud 
5 feet in diameter, space is made for about 20 
barrack bags. The hole is covered witli tar 
paper, rubberized raincoa ts, or other impervious 
covering, tlie edges of wliicli are sealed by cover­
ing with earth. About 1 pound of methyl 
bromide is required to fiunigiitc each 12 to 20 
bags. Care must lie used in releasing the 
methyl bromide, so that none of the liquid will 
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spill on the hands." If chilled with an ice-salt 
mixture for half an hour, the can may be pierced 
with an ordinary nail in relative safety. The 
opened can is immediately dropped on top of 
tlie bags, and tlie pit sealed. After the required 
time of fnmigation (same as in £ above), the 
bags are removed on tlie windward side with a 
hooked pole or other suitable. means. The 
clothes arc shaken out on tlie ground to air. 

(3) Steam sterilization. Disinfcstation of 
cloUiing, bedding, and infested equipment by 
steam will kill lice, their eggs, and the ricketsia 
which cause typhus fever. However, due to the 
injurious effects of steam on ,w<^olens and 
leather, this metliod has been largely replaced 
by other procedures. If a hospital should have 
occasion to admit a typhus fever patient, tlie 
clothing may be boiled for several minutes or 
soaked in cresol solution before laundering by 
standard quartermaster formulas. If facili­
ties for steam sterilization are available, ma-
teriaJs which are not injured by steam may be 
both disinfestcd and disinfected by autcclaving 
at 15 pounds pressure for at least 15 minutes. 
Since steam slcriJizatioii or boiling is applicable 
to certain types of material only, supplemental 
methods of disinfestation will be required. 

(4) Storage. Storage of infested clothing 
and equipment will accomplish disinfestation 
by depriving the lice of a food supply. The 
exact time required is dependent on the tempera­
ture. A safe rule is to kee]) articles in storage 
at least 30 days. If the temperature is contin­
uously (day and night) above 70® F., 21 days 
is sufTicient. In this time the eggs will have 
hatched, and tlie newly hatched n3'mphs and 
tlic adults will have died. This method is prac­
tical for disinfesting doUiing and blankets in 
hospitals and camps, providing storage facili­
ties arc available. Rodents and all other forms 
of animal life upon which lice may feed must 
be excluded. Fresh material whiqh may be in­
fested should not be placed with that which 
has been in storage for some time. N'o arficies 
should be removed from a room until all articles 
have been in storage the full period of either 
21 or 30 days. 

(5) Other methods. Exposure of infested 
clothing, bedding, or equipment to a tempera­
ture of —10® F. or colder for at least 2 hours 
will destroy lice and their eggs. The interior of 

Aaoiiifl.v 

folded or packed materials must be allowed to 
reach the required temperature before measur­
ing the 2-hour period. Laundering of clothing 
by the quartermaster laundry formulas, or dry 
cleaning, will disinfect clothing, but provision 
should be made to prevent infestation of the 
laundry or cleaning establishment and its op­
erators and the reinfcstation of clothing subse­
quent to laundering or cleaning. Heat, as in 
pressing, in the absence of more desirable meth­
ods, may be used to destroy lice and eggs in tlie 
scams of garments. 

3. FLEAS, a. General. Tlie presence of fleas 
at any time will require tliat procedures for 
their extermin.ation be instituted. Wiere hu­
man fleas, such as Vxilcx irritans^ are present, 
measures must be directed toward the use of 
repellents and insecticides by individuals, be­
sides the institution of general control proce­
dures. Thorough housccleaning sliould be di­
rected toward the removal of breeding mate­
rial—such as dust and the fecal material of 
insects and rodents—from floor cracks, corners, 
from under floor coverings, and from within 
packing bo.xcs, and toward the dusting of tliese 
places witli insecticide, powder, louse. Such 
warm blooded animals as rodents (including 
bats) and, as far as practical, birds which have 
access to buildings occupied by troops sliould 
be destroyed or excluded, as indicated. All 
pets and nonmilitary domestic animals should 
bo treated with insecticide or excluded from 
troop quartci*s. Insecticide, powder, louse, in 
a strength of 5 percent DDT (half strength), 
should be applied to infested military animals, 
repenting the treatment at such intervals as 
existing conditions may necessitate. Kennels 
and animal quarters may be (lusted with half-
strength insecticide, powder, louse or sprayed 
with residual spray, caution being taken to not 
allow animals to come in contact with sprayed 
areas until after they have been well ventilated 
and well dried. When packing organizational 
equipment for movement, all shipping conUiin. 
ers sliould be cleaned, insecticide, spray, residual 
effect or insecticide, powder, louse, should be 
applied to the interior of boxes, and teOilps 
should be dusted with louse powder. 

J). Oonveganccs. Tiic interior of trucks, 
planes, boats, or other conveyances should be 
inspected prior to loading for movement nnd. 
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ties* under such conditione can be observed and recorded. '1^^, 
real obstacles ate twoj The lenpth of time required when dealiiiy 
with long-lived plants and, in any case, the effort required to ht.ii; 
destruction from any cause at a minimum. 
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, suited for llioir.pnrposc, r'iFurtijdr .Btiidies-wero'theivm lo nd;,,^ 
the metUdd of tipplymg tiiis fumigaut to'their reqlurenicnts. 'if., 
egg stage of the oody .louse {Fed^oulwi Kvlnanuii.corpoj'js Begd svi» 
.. ...I 1.. I..--—being the ii»,.. 

iiie metiioci or ajpiymg tius jumiganu to cneir recpuremci 
egg stage of the oody louse {Fed^oulwi Kvlnanuii.corpoj'js 1 
used in biological tests; because it'.was indicated as being 

>. resistnnt.Btago of the insect.. v/'-'. v. 
Tln-W'inetlipds; of.»ai'pll'^diun'Avero'devclpfiedj, as'foll....,^, ,, 

.Vault fumigation,dh'Syhich" quantities of iDiuged clothing WCIT .n 
posed to methyl broinidc, in a ^deniountab e gastight vault. •, 
individual-bag fuinigation, in which- one soldier's outrtt'Wus exiM)v^, 
hi a gastigiit fumigation bag, ;_«nd . (3) pit.fumiLqitjon, in why: 
from oi\e to many, bugs-of clothing Averc luciigated in a pit dug ;; 

by hand.-'>""C * 
An individuaVfvimigatibn bag from 25 to 28 inches Avide inul •-

Inches long, made of material coated Avlth eitlier ethyl colhii -«• 
or Neoprcne to inaho it .relatively .gustight, and fitted w"'. 
simple, self-contained closure, was developed. The methyl hr<»i. 
was contained in a glass ampoule, which was brolcon inHuU' 
scaled fumigation bag. A standard dosage of 20 cc. per Imu ' 
selected after clo'sagc-exposuro-combinations had been eoniiv 
All variations in dosage schedules for variou-s temporatni'c '• ' . 

vwcve then obtained by changing the length of e.vposurc l\v • 
hour steps from three-fourths honi' at 55®"F. or above, to 2' i '' . 
at fit® and below. The sumo cxqmsure to eold alone at — I'' • . 
below was equally cfTeelivQ. Tn tlie experimental studies tin' «' ^ 
of other clo.>:uros, vaihma coating miiicrials and fabrics, rlu 
sition of the bag, and the location of llic ampoule were 

Pit fuinigation at dosages comparable to those used in ui<' ; 
methods, was also found to be elTcctive. The best resulls Avetr • 
taincd with a pit having a small opening and covers made ol --
tight materials. , , • r. ' 

Tt was demonstrated that niethyl bromide could bo laiii.i , , 
moved from clothing by aeration. .• F-vcii without acrnlion 
matltls rcsidtcfl in tests nifh Avm.v i f • 

^^ethyl bromide fumigation lias been utilized by the armC'' .« 
In both the field and at porin.anont delonsing stations at \ ' . • 
deharUation. TTundreds of thousands of prisoners of ^ ... 
returning Army pci-sonnel havo been nrocessed tbrmigb hi'^'' 
ticns. 

INTRODUCTION 

At; the time of the ontnvnco of the United States into "AVorl'^ 
TT iA\,Qft.tiornft fvnbus" was-a • Problem of croafc coijcorn ' 

.'j-'r . . • . ; . .«• - b - »• 

|^;4h''-aiTcnivi. uuDMinii AS A IUCLOUSING AGENT . 2. -2' 3 2 
•' -'•••' • ' 2 • ''2"" '2"r ' T" 

IStat^'Army. Methods of dclousing clothing, mainly bv • 
A^pilization, which had been developed during world War X, 
•^feidored outmoded, or they required equipment which wiis 
^v^aud e.xpensive. Accordingly, In dam-nry 1012 the O'llce-

General of t!»o Army reque.'itcd tno JJurcaii of Ento- ; 
^|n4-.'?lanL Quarantine to conchu-i iu.=is with uvaijablo . 

ascertain whether they could be used under military.' 
fumigiuit rapid in action, noiiinjurious lo clothing 

Tupi'nept, cU'ective at . low temperatures, not too dangerous 
'mS-and with no undesirable pastfumigalion residues or 
ivpfrj^dbrs was desired. . . • 

tt 

the experimental work was determined largely by 
..I' <1,., t >,r I lif\ f t If inn >. f i Itn S^il I'trnMH OiTcu'Vont adnptaliori of the method Ijy the Ollice of the burgeon 

^^^jThe progress Avas periodically reviewed as each stage 
Ipovh; was ooinpleled, and ncAV problems _\vcre attacked in 

their importance from tiic standpoint of adaptation 

BIOLOGICAL TECHNIQUE 

.^.ctests,showed tlial the (!gg of tlie body louse {Pedkulus 
\W'opf;'jjom -Ueg.) was tiic stage most resistant to fumiganls. 
f^^'iV^iactically all tests were made with (mgs. The ovalu-
i^f^^li'test Avas based on Aviiether or not llu' eggs liatchcc). 

pggSj t'cpresenting all possible ages, weie collected from 
ji^-zpf'hnfesLccl humans. Later, eggs of known age from a 

jri^flaycci at the Urlaudo. Fla., laljoT'alory of tlic IJiirenii were 
j^IPlieeo'eggs AVerc shipped by air mail h' Hell^vilic at frequent 

;'.U 

>1 *' 

small pieces of cloth Lo wlilch the eggs_were attached 
^^%er^ iiLserled at selected ioentioiis in tlie fumigation oii-
wi^Thpso'pieces were aired foll«nvmg treatment anu tiiuii hyi't 
i^ftioist,'Avarm enviroiuiicnt until the eggs hutched. At. liist; 

ShWJfO inculialed iu iiidividiial shell vie'-, »\liu'ii were pitig;;t-d 
and kepi at a coiisiaut lemperiiliire of F. ami a 

^Rlifhidity ol a)iproxima(eiy 5d to "d percent. I'lulcr these 
uo^'litilching was irregulai', someliiiii's extending over a pe 
^^••days or nio?"e. Vlien the lempcra/nre was j-ai.'-od to no 
^•Vglutive humidity to near saturation, the ng<^ haleluid m 
^jrys-and the percentage of luilch was mucli liigher. 

sample representing each source lot of eggs in cacli 
tsgicubated along with the treated eggs, as a check on tlieir 

^.Tlic results of liatching in the check snriiplc.s Averf^ 
ajt hi only one case are they giveii in tlic tables of data;, 

in Avhich eggs hatched, or in whicli chcclcs m-
|A^plo to have adequate viability, are presented. The 
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^dat^L'o^,tho*hdtch;inK,'o^ cdntrqls,,given iii'table'8, are represenLativp 
of all control "saraples, iSinco tlia recotds of hatchmg are expvcsaou 

>;.in relation to the occurrence 'or ,absence of hatching? compayisonj, 
- , - 'isetTvcen troatnients" should be.^ade* on; that basis. ProporUonutt-

.dmouhts'of'hatching are* unfoliablOjTbocaUBo , the-check sainpli-s 
. varied cohsiaerably jyi'this TDSpect.'v In^sOmo'samples uio total miin-

. '-'HV •'' - ber 'of og^;"was esthnatedj' but ,in,-most"sainpies the eggs vrot\ 

li a 
<>if 
PC 

fi-i. 

'i ̂  

P' ?•/»• "• 

•;,'y; v''^',t''-V'''''^'"' '• •• -»^'.;•>* •• • . • '••tf . 

' 1?IRUHE"1.~/.OUSI! eggs Htificimd to piece pt clotb. 

PRELIMINARV" EXPERIMENTS WITH 
VARIOUS FUMIGANTS 

'ti-.ti-'" 

' ' MKTIIVL BaOMinUAS A DEC.OUSTjJG AOENT 

." ; • ; ", '•' • .,' .;V'' 
DRUM-FuMicAToa METHOD-"^ ' " : 

jiW-:'/'- ', • •••'.•>- • • 
l^i^pici'in, ciileiinn cyuniclo, and niofliyl bronndo v.'erc tested by 
pi^thgd, both witli and without a load of -ilothing in the di'urij 
^th-5llO-iniimtG exposure of louse eggs. Tests were inade in a. 

fgii'idniin converted into a water-soaled chamber, as described 
.Ji^sbn."! fitled wiili .-j .small elechic fan to circulate the finni-

IpVqpeVly. The resulLs are given in table 1. 
d^^ilatchinti oj lousif vytis iiftcr 30-miiiiit(\ cxptjuure to 
Muiiifcyaniilo, uitil ntcthvl bromide fn u drum /i/»)».va/or (i tvnt ui ciwh 

oifurwisc iniUfuiictl) 
'* NO CLOTIIlNa JMtESKN"r 

T»iMp(irat>ire 
((0 Jii nrusi ft*.) 

TJosnKe 
pec J.flOO 

cubic feel 

M: I'OMrif/i 

mh}: • ,)yunUlo..... -• '• 
UH" 

N-C . .!< 
..48 

2.4 
•4.8 

7.3 
0.7 

> 14.6 
. 20.3 

:i.6 
9.7 

I t4.fi 
4.K 
0.7 

'14 fi 
4.« 
0.7 

n.o 
4.1 
4 
6 
5 

Kggs Qiposwl 

Tutiil 

A'ur/iber 

UHICIHHI 

.Vuinhec 

21 
27 
41 «'. 

2fiil 
M6 
mo 
20(1 
100 
1(H) 
too 
2rK) 
H 
:n 
xo 
100 
IIHI 
lUO 
lOO 

0(1 
ft.ft 

182 

Seven fumigants wore tested in prolirnuiury uxpermn't''" 
follows; Acrylonitrilcj calcium cyanide (dust), cbloi'u 

d },l'dichloi'o-l-nitrooLluino (Jitliidc), ethylenn dichlonde,^ ' 
i|; bromide, and a mixture of 75 peroonl of etliylene oxide and ti.), 
••' of ethylene diclilovide (O.vyiumo). 
\i . The tests were made by tln-oo methods,..aa follows; ^i' 
.{ '' water-sealed drum-type fumigator with n capacity of i -

feet, (21 bi a gastight bag witli a capacity of approximt'i' 
' : cubic feet, and (8) in a metal-lined cliamber with a caprt^''', 

, 107 cubic feet. Not all fumigants were tested .under 
. : mothqds. All ^ggs used in those tests were taken from nai 

l^|j3L«mnN0 I'URSKNT (toiwt 2 lij, i«ri'ii»''i; f"'it imlcm oUk-nvlsc Imluiilwl) 

qldfi. 

mXr 

.... .. ... — 
M 21.0 31)11 21 
SS 14.0 • 2iH) 2H 
60 4.8 . 2(HI no 
6(1 7,3 2UU •JH 
60 , 0.7 2(10 21)0 
60 14.6 200 II 

70 1 ( • Kill W 

fid 1 4 2i;ii 
60 <5 -.OHI (17 
6.4 "3 2(H1 •1 
ni 1 4 2(111 4 
lift 1 1 2.MI " 
Uft •3 2(10 . 1 
05 •6 2(H) 0 
70 •• 21HI 61) 
70 J 2iHl .V 
70 » jiHl I 
70 R 100 I) 

Wt\ I KilNMiiri' Ktliiil I liiiiir. 
• l.oua 4 III. rx-T uubiQ /out. 

RSfc i ' »i***' • * • * 

S?^^',V?]iero eggs were e.xposed directly to the fumigants nilii 
present, all three fumigants appeared to lie elfoctive. 

^hdbf clotJiing was introduced, however, chloropicrin nnd 
iiAi Cl" * Miw.<*o«T -U'ATKH HKAI. iMiUi.i»-roR- T?. 71. ilur Krir j«n1 J'Jiiiit 

14 
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' . .' •" •"•"•'« "' V••^ • 'v-'•'.• r ". 
calcium c^juiitle wei'c i-ehiilvdy iiiei^'ectlve, and methyl 
was olFeclivo only with .closugcfi oC 'i poundB or.moi'6 per l,UOu ^uh ! 
Pnot • ' • -

GAS-HGI-IT-BAG METHOD 
About 2^ pounds of'Army clothini* were loosely x>'^<ibeil in 

jraftlij;hl bajr {diisc'itibed on pages lo-lO). Two sainx^lea of 
TAUI.K '2.—Uiit(ihinff of loimo eiiy» expoauiT, to r.uriou» fiimluutil-t in n .,• •1-

hup fllhul if itJi clotlnnff fJOO r/j//n vxponi'it, iinli'.iif oi/ifnri;fi! liiilim/,,[ 

runilsnnt 

.UTylonllflle...,^ 

Culciuui cyunldi'^. 

CllliWUJ.I 

I, l-Dlohli)ro-l'Hllrootliunii-

l£x|>oaure 

Uo^in 

hliliyluno illchl'irlil 

Kiliylvno oii>U-H:tliykiis illcUIurlile,'7^-23 lulKuu.. 

) iMeccseaiKVcd, 

-SV~' 
'v V. • • • mm' i 

bajj, one in the center of a folded blanket fit 
bt^m^and one yelled in woolen xnulerwear at the center. Tbo 
'rftnfevas pburod or otherwise libenitcd,ai( tl© top^ tbo bag._ 

directed mostly toward incdiuin^to'lon"/f oxposnru • 
. The teinporntures given fun ovw-*nlght .c.\*.tJOsiires, 
the beginning and end of eacli period. Ghloro-

^i^'d' metbyl bi-omide produced the best results, with ncrylo-
utlivlene dxide-etliylem* dicblo-

jpclure foitowing in that order. Calcium cyanide and ethylene 
ride gave poor results. • 

•t- -1/"^^, 

. , ./'X 

USE OF A METAL-LINED.CHAMUEK 

SdfKei; scries of tests chloropiwin and methyl bromide were ' 
-•fffi: in'a metal-lined-vault of u type commonly used fur 
'MSigaiion purposes. E.xcept for one e.vpostire of X J)our, 

Synods .were limited to:30 minutes.'-The vault luid a capacity 
'^Shbic- feiJt* All openings Nvere- ciiVefully fitted with sponge^ 

i^Pi^sI>pts to make tlie vault gostigbt. Circulation, was pro\ uled 
Wk^hn. ... . 

^Jh^pliiced in the folds of clotiung at the centeis of well-filled 
-ffikkHb'ags. Circulation was maintained lliroiighouf. ilio ex-
if^ij'peviod. . . 

JUvyhbroniiiic at the rate of 0 pounds per 1,000 cubic feet pro-
'"'^^fcbj'Hpletc mortality, but chloropieriii was not effective in any 

" - •' uxposuro period was increased to 1 liour 

fe' . ,, III luiisr ciiii' «/0./ Uulf lmu f J7»MHrc to Orfi fiiiiufiiiiili In 
* ' It iiirlahlinnl cli'iuihrr 

raumh 
i 8 

ll».0 
tl.G 
It.O 
H.n 
M n 

1 It H 

I 
i 
i 
i 

c'> 
c 
d 

Tfni* 
{MTuiiirc 

I.OIUl IRT 
ciihlc Kiol 

I'llHPil' 

Ki:U< L'AtMlKl'"! 

T 

I.* ' 
M : 
7U I 
Ih • 
03: 
W ! 
00 ' 
71;' 

3f.; 

.1 

•i 
n 
:t 
3 

Tdlnl 

Xiinltr 
4IKJ 1 
UHl 

t 
I.IHKI I 

CKHI 
:iiw t 
iix) . 

wxi 
-nm 
ii)t» I 
MU 
:iOU , 
UK) ! 
imi 
art ( 

miitiici 

\iimiiii 

• 113 
137 
axi * 
1H7 

IM 
7.3 
lU 
1 

Cl 

.>L-'v 
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/ • DISCUSSION ' v. 

Ou tlm bttsis of those tests methyl bromiclo \Hs selected us tl. 
best to'use in fnrtlier experimontntibn. It was the m..! 
eiroct4vo Jiunigant .ti'iedj did not, sUiin yloblung, left no odur. u 
nuniiifitiminiiblo, and i apparently ^ did not react Ayitlv articli-s. ,-v 
peciully tlvose made of plastics, that miglit bo included in a .solduT', 
equipment. It was the only fumigant of the series with a hiu IMUI 
ing point, upparoiitly an irnxmrtant ftwituro in tlie consichu-udon ,.f 
short exposure x)eriods. • . : ' r 

Cliloropicrin was highly eflicient in ,«-hour exjjpsures, but wi; 
inefTectivb in slup-t-e:g)osurcs, even, with excessive dosages, AU.. 
enough AVas retained m the clothing to produce tears in tbu evev 
of the wearer several houi-g" afterwards.^',., 

Aerylonitrilo was innammiible, and mudi-greater jxuantitics of n 
were required than of methyl; broin.ido'or-chloropicrun In indl 
vidxial finnigatlon-hng tests Id'-dichlorq^l-niLroetiuine was ellViii*.* 

ji...it It-fi 
i oxiih' ill' 

v,,t.ijs/.juw ...u, ....v., ^.vO greater ilosuui-
of it wcra i-equired tlian of the above-named fumigants. Cnlfinu' 
cyanjdo was inert'ectivc, left an odor in clothing, and often .slniiu'«i 
garments that Averomoist or sweaty. Ethylene dichlorido AVUS V."' 
ellicient, even in 0-hour exposures, and AVILS also inflammable. 

FURTHER EXPERIhfENTS WITH METHYL BROMIDE 

After the preliminary tests liad been completed, studies 
conc(Mitralcd on the use of methyl bromide. Three methods of a} 
plication Avere developed, and o.xbaustivo studies Avero coiniiM 
on each .of these to determine dosage schedules suitable un*'*' 
various conditions. Tliei-c methods were (1) vault funiig.iii'' 
?•« . ^1.1.1.!^.. ..... Kk»«%kiiiLr 

inu luui \o} \f\i iuiiuj^aLiUJ), in wnicn iiuin 
many bags of clothing were fumigated in a ])it dug in the groin • 
the opening being sealed by paper, raincoats, laipaulins, or oit'« 
means. 

'I'hc equipment and biological data fur each of these method- •' 
be disoii.ssed fully under (heir lespectiA-e headings. 

VAULT EuMiCAnoN 
The military authorities desired a lightweight, demoi" ' ^ 

fumigation vault of noncritical materials, of a size conycnic' 
transijorlaliou Avhcn demounted and be.! suited for eflicient 
tion. An experimental model 5i by G by -ILj feet Asns desigiu"' ^ 
constj'ucled for demonstration to military poi-somud, Thi.s m" 
was tentatively approved and experiinetiliil sluilie.s were comlu"' 
in it to estubli^i suitable dosage schedules. 

'Die A'auJr "Us made of sections bolted together to make the I't'' 
^ ffi'r 0^ All ininto -uroi-o cnnlo/? wWh ft 
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bituniinous calicinc compound to mulcG thopi gastight. Kndi 
consisted of a sinje sligct of (ivc-ply, hiiH-inch ply^voo(l, nuni'„i\,.' 
around tho edges by a 2- by 2-incli strip, Tbo top, boUnin. aj 
sido sections consisted of t^vo panels each, Tlio front-end M-ft!.,. 
served as a door ((ig. Jl) and closed, against rubber-slrij) 
It was fitted with double pin liijigesj and a series of cliimi)s iti-uur.: 
the complete perimeter served to fasten it tightly and evenly 
tiio gaskets. A snail! iaiake vent was located in tliis door paj:. 

KL t". 2 o tT ^ >9 

• MKTllVl. IIROMIDE AS A UELOUSING AGENT ' " • 11" 

r: •'-r' l\ 
|^)§hed when it wits' desired to allow freslf air. to "pass, iitto ^ 

'.Tlie vent door also closed against rubber gaskets. Tho • 
fe^-H^'section carried all the operational eqtii )ment (lig. •!).. A . 

blower provided circulation during tie funngai.ioii:und*'^" • 
tho. .fninigant following treatment. Lt was inounlcd at 

with the outlet directed nxjwuid iutf. a slicri duct on • 

PmURB 4,—liwir vioW nf exiJorUawital fumieatlun muU. fhuwias (a) ' 
vent, (M aieUi.vHjroinlilv mtpUvutor ami volurllizer, iiml {rl ywHohi"' 

» -V . t.l, 

vKov aC oxnurlaiciitnl fmnlgutimi luiiii. .statwlng I-' Jttiuji 
I Wowor. (Ji) circuliitloji clan, ami (cl extiaiifif vent iloor. The aictlmU 

U al»o shown. ' 

17 
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.ti *- il' - _ I . ^ *PV! _^-^i-^-- <4!... Ib^ i'lNm ^«•fVf« Uie ceiitut- o£ Ule iiftijej.'i Direci'tly j^boVe this diicfc was locatxHl (he • -^. 
• liaust-vcnt opoiunfr. • Tbo vent.dooi', "wlieii'closocl, was.ibit iiir.ii, ^. 

I lio rear panel mul al'oNved'.lbc jiiv' ^fcveanv- to paHs." wil luait mi,.. 
,ruptioii.-.W)ioii ppCiicd, tlio lowov odgo of the vent dope l>roliu,|,.j 
(•orapletcly.jicrqtg i,Im,6ncihng,ofUio civctdation dxicfc", and st'i'\iHl 
abknie .to .du'ectdift dfc the .blower thvohgh the vonl iau 
tlie exhaust thict. '•Siinulianeou.s opening of tlie intake veni, in tl,, 
•front panel allowed a rapid removal of .the .fiunigant. "WltiT. 
closed, the exhanst-fent floor'-Nvaa'seated against rubber giislua-
It was actuated by a tlifoaded rod,-attached, to its center ami piv. 
icctcd through a small opening in the exhaust duct. ^ To close tl.. 
vent, a •wing lint bu tlio tlireaaed X'od was tightened. A Straji-iri':; 
frame jiround U)e outside of the exluiust duct received tbo s(i'i'>-

; of" this., operation ;'(Jlg.' (Ov ,Exterior .and interior-^views of il..' 
c^iaust eystcnj .arc blun^n JII. figiu'eij *i and o. : 5 • , 

exHAuar • 
DUCT ," :• 

.tXKWlT-VWT 
ooon v/ •/} 

OllttCIIOHkt 
DUCT (HOT 
QASriOHT) 

'SLOWtK 

(OUCT WORK AND 
CUAUP REUOVASLE. 
LEAVINO THIS SIDE 
OF PANEL UNEN-
CUMOERED) 

W-

^-h 

bnjmidc-wM'applied from i-pouml cans!" 'ihe cuiis .' ^ 
j^toctiu-edMAy tightening an ingemons clarnb arrangement. ... ; 
iffeutbnng the chamber, the funugant passed through a vela- • , 
SbiisistiiTg of a coil' of copper, tubing suspended ui a can of , 

FIOOUEO.—DluKi-nmof llmexll.^\IsLsys.^Cln useO on the experliiK'nmi 
fiualKntlon vnuU. 

The- blower was driven by a gasoline luotoi* (iig. 4, 0) -
outsido tlio rear panel and operated throughout the exposure 1" 
to hasten pemjtrnlion. The capacity of the blo>ycr was large 
to TjrovidQ for rapid venting, and a lO-niinuto period .was aucu,' .^ 
for the removal of all free-methyl bromide in ,,...h 
bio wen was ppfiratcd during uuloa,clingy ̂ wliich kept a drift of ^ 

tSeyiKfued the capacity or tnc vaim. UM« 
and in one where wet cloth,ng was involved the dosage 

^^^'^^•fijEfpreasecl to 12 pounds.- s Van nnri fin 
f^dads^of «l and r> pounds per cubic foot ot space (30 and . 0 
^Seka.ba<'s per load) were used. All lo:uls were made up of 

bn^s each conlain'uig one winter outfit (wool uniform, 
umferwear, shirt, shots, Hocks, ami two blan ets) weighing 

Mxiimlelv 2.') pounds. The prelmiiimry tests liad shown that 
l-fumhrnin woiild iienetrale to the coiKor of loaded barracks bags peiietri 

^JflHohvs; (1) Th'V eloUiing, m normal comlitmn. . (-) l^amp to^wct 

3.#l.othiug 
Whbsing it to iialiinu rainnui i^iyo *" "'I'l'""T"'!' 
&^%IdthuiL' containing water equal to about 50 peicent of il. 

'This condition was obtained by soaking tlic clotmng an( 
I^iijg jt to'iirain overnight. 1.-1) Very wet clothing, eontaiimig 18 
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ni'fflift'T III! 

I5l 

VfS 

v V; 

• H 

., v^V^^rvi^' •• 

y,>critc^^ 3. PEVAHTMUVl- bf AUItlCgLTlJUE 

•walier equal to about 65 pei-ceiit o£ its •weight. This cciiuUUdii i, 
obtamocl by Boakinc UiB clothing and briefly clraiiimg il. 

1 i® bags bf ylolliijig-wore so pTacecl onr tne removable i 
tijo fumigafciuii' vault us to leave a si)ace between the Jayera ; 

; ,METllVt, UUOMIDE AS A DELOUSINS ACIM^T- « • ,'0 15', 

tev- • • . ' ^ r r' • r" ' 
-MesU ut 55° b\, 1 larva Imtdied E?Onv lui ^K) ^ 
?^yiien halE-dosivge (4 lb. per 1,000 cu, ft.) ^waa used, only 
!j,,p(srconL of the eggs hatched., « , • , , 

0/ loiiifi: cuuM - * 
l^'ar «f>or(r, in « (/cmoioUul'lc /jlyicoorf vault loadrJ nuth HO to HO Laos 
P-fi"'? '•• ^ 

oU^iUon o( cUllilnti 

iy 

FIOURR 7.--iOxp(irlniRiitJ!l fnmlKatlon vault with barrncks hnys 
loHilutl In tlivee tiers. 

Trials were mudo with the bugs divided into two and Ihm' la 
but no dilUreneas in results were noted. 'J''hc lemperature of ' 
olothing Avaa noted uL the start of cacli test, and a tliennogi'I 
rc^ird was iniide of the vault temperature during each oxix'-m 

bainplcs of viuhlc louse eggs in small cloth bags wore phuf' 
foirlod garments or hlnnlada in the ccTitor of selected barnu'!c> 
snillered thronghont tlie loud, an e(2ual number Ijcing on 
Jhc samples of louse eggs in damp or wet cludiing wei-e 
"btnjt the same condition as tlic elotlnng witli wliich rliey wn 
oluaed. In all except two tests tiic eggs weiu from itifesled el''" 
obtained lu tlie Dliitrici of f'olninbla. Two lols o*E eggs wen- ' 
tlm Orlando, Klu., liihorulory. The eggs from intVsleirelolhin:; 
of all ages, as sliown by the hatching of the check samplos. i • 
wer(j segi*egated no thut control and treated samples frnu' " 
garment or one peison could be identified. The hnlching !•" 
were couufed ai,d removed daily from each sample. 'I'bo muni"'', 
eggii in each sample was oslimntVd, but the nmidior of larvae hat'' ' 
was an actual eounU 

The resulU are given in table 4. IVith dry clothing no hatch" 
ckT-^nrtWl m fl tivits where the temnernhiro was GO® K. or above. 

0^^ 
— 

ftdiluil wiitcr) -... 

l>tl»>IXU 
|hT l.WO 
nible fwl 

Totiil ' 
,uini>lu3 

'I'nCal 

yim'.T 

0 
l s !X 6.hW 

• • a K7« 

6 W (vi:, 
t;i 1 l,UIU 
li 1 ill) 

KKIIS , 
liiudii'U 

PtlinlRulloii V? 

'I'lilul iiltectlvi' 

.ViMiiVr 

•U 
I 
0 

UA 
;ill7 

In 

Simp to wet clothing complete uiortaUty of louse eggs was 
[ed in. all tests, in wet clotliing the results were variable, with 
f^Hu at least one sample in each test. In very wet clotlnng 
^'atnient was definitely not' olfective, even in the last tcs., 

rifchp dosage was increased 50 percent (12 lb. per 1,000 cu. it.), 
febvident from these tests that dry or damp clolhmg could 
'imigjitcd successfully, but that clothing wet enough so tliut 
S-TA®!! , 1 . :J K.. I....,A .O./.iim bn •IlimKrnl.nM. 

WmO'or above, witn a joau mniu ui u w. -p 
^bic'-foct of space, was reoommcnclcd to the Surgeon nonorals 

fmnigation vault Himiiar to the oxi)crimental model was 
'"^inmended. In drawing up specifications for procuremont. of 

•yVi, , i>, , 4 .. J/ie. ...1 i(2n/I Mm Plll>ll(!ltV to 
^^wuuiineiuiuu. m iiritwiuf^ i-- . 
j&ults. United Sfale-s Army authoritu!.s raised Ihe capacity to 
VWhic fect, for lietfor pllicieiicy in operation, hmco it was desired 
li^p^jtho total dosage per vaiih in aii cven number of pounds, llie 
^^f^'-wus laihvil to 51 piuinds per l,0(lij t'ul)io feet. , . . ,,, 
"i^Kiwlicn. the data obtained in the tests represented m figure 1-
WiearU completed, roeoinitiendalions were made for dosage 

les }it lower temperatures, proportional to Llie nde of U 
cubic feel at (id" h'. or above, as folbnys: AtbU and iyMi'.per Loot) Cliuiv. ... w.. 

!tV%d}se 3 pounds per vtuili; or f pounds per 1,000 cubic leei, foroiie-
lipur. Below 00° either use d pounds poi' vaiill; or 12 pounds per 
feuhie feel, or add nue-balf hour of exposure lor each 10 below 
|(l')ieii'ia.s.s fenipci'aluie of tlie (dotliing. nol-tinitof (iie au*,sltouhi 
1;|etejmiuin.g point. 

INDIVIDUAL-BAG FUMIGATION 
ith 

«lde ^ 
with 19 

^wljiidividuid fumigation hag used in the preliminary tests wi 
ttjfeVfumiganl» (pages 0-7 j wa.s appro.\imacely 2B inches w( 
B^'-inches long, and made of light-woight duck coated wi 
feei-s of ethyl cellulose (fig. 8). The ejaiet iiuanlity of Eimd-
5.i35&hyct was contained,in a glass ampoule, which was placed ui-
'^e^bag as it was being filled with clothing. After the funn-
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FiduitB 8.-rl3xiwrlmeu(nl. moflel.oC'die, IndlvkUml-fumlKaUoii Uii{j. UUHI.* 
uuck coHt«d wliji elbyi oelluluae, niul cHisetl by 'tlie board'Clanip niethn.i • ' , • 

- Tlio niethQd bf tlu-oughoufc'all the ce^i--. 
An oHtnt consisting^-oi clotlung^ nnd blankets,-"weighing about 
pounds, was "loosoly placed in each, iinnigat"iou ;bag. XJsually t\\' 
aunpJes of Jougo eggs were placed in. each bag bctwceu LJie foKb 

• of a blanjcefc or garment". Tlic bag was tiien sealed and tlio anipitul-
broken. ;vAt the .end of-(hp desired exposure period the bag "was 
opened, the clothing was shaken out, and the samples of Jonsc 
wore immediately rojnpved. \ 

Prior to fumjgutipn the clotliing and blankets were comlitioiuii 
at the desired tcinporaturo and wci-o,iield at tlmt tomperatiiro d • 
ing tlie exposure period. /Xow.rteinperaturp studies were nnuh' 
cold-stonigo rooms. • 

, The early tests were made-with- |ouso eggs.obtained from : 
clcUiing, but. the later ones.^vMth eggs from tlio Orlando colony 
Tn low-tempeniLiiro e.Yperhnchts the eggs were given only n lu'nd 
exposure to the low (emperatnre prior to fumigation, on Ihn ussiimi" 
tion that in actual practico the eggs Would be pt b«.dy tenipr'a 
tui'ft until clothing was removed for-dclousing. 

lumigiiMoii, location or itio ainpouie in iiie img, ([imcn.s)ou.s m » 
bag. ami umierials; and (2) (levelopmunt of doaage ««>hefhih-
cluding ones for various temperature lp\els, mid the oll'ecis • ' ' 
posuru to cold alone. ' . • 

. DUVlitOPMRNTOFTHn'Ml-THOp . 
uosAUE-ExeosuuB coifuiKAnoKa •«, 

The preliminary tests with methyl bcoinido had shown olTi-it' ' 
dosages us low os 1 ec. per bag for a ti-houj' exposure, and mT- •' 
exposures as short us one-linlf hour with dosages of IG cc. and ab»'\ •' 
Further tests "Avero made, therefore, to detcrrnino thp •im'nin^""' 
dosages retpiircd,for die two o.\posu)u.period^.i; , •*.> . 

'niiusfcoykn^^ 

' 'ruinlRution icsU 

llri,179 eggs Avero used. 
i'H:; 

lYVi; or ci.osrHB' 

lEtiie preliminaiw tests with individual fumigation bags, the 
was cfdscd for fumigation by folding th" open ^ 
1^0 fold between two sin « of wood held 
lustrated in figure 8. Tins closure was not acteptablc to mill 
Shorities, feecauso it was-'composed, of detachable. parts, 

other types'wore devised and tinted. . 
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• (nippers), slide dttmps, and snaps were siici.> 
jvoly f ried mid "vvere rliHcarded ior one reason 'or iinotliur. The (h^i 
irninpinent was very s nii>le It consisted of reinforcing thV "' 
of tlie open end of the bag (hg. fl.t) Willi wobbed-emiviis beUini' 

METUVli JIRO.MIPH .\S .A UELGOSINO'AGWil 

fMb cc. ironr losts With each Closure resmieu ui i:yi;ipkb 
''%nt 12-cc. dosages, as did two tests at 15:C0. am. (ivc tests nt 

ro>irioa OK IIAO UUUINO FUuuiATti)> 

e^gs sui rvived in the samples at the center of 
he bottom. This occuried more otte.n i 

of the bag 
in Army 

l iiii-KK fninlpitloii IKIJ: iviih a folil-uvcMlo claMirn: ,1, hi om-n IIMMI 
sJiowIiiK Urn roliiforcuU bat (Irxlble bin; ODCailngM^, tbo siiiiie pad'cIoLd. 

longiLndimilly but relatively rigid in cross 
tion. lo seal tlie bag, the mouth was closed mul the end of the ha 
ua>> folded oyer the reinforcing strin three times and tied in tdn-
hm f 0^). IVhile this closur 
vuoun lu (he fold-over-do closure, was not so tight us ihqt proviiiiv 
bv the board chimp, it was found to be ellicient and liiid obvion 
uitvuiitagis from tlie standpoint of production and utility. . 

PSV . 
limition, vfiB 

Hafr^mt'in those at the uuLLuiii. , . .> 
iiag (see page 21), wbicii was only inches uidu than m 

Sa-inl lypo used m the pi-eliunuary experiments. 1 
^^llfefence in (Mrcnmferenoe increased the height-of tl e I"; ' ^ 

MSing. thus also increasing the height of Uie sample at 
SWlidSag. Ill live tests with a dosage of 20 cc., only one P J 
Smplbto niortality in the center sample when the ^V'"-L!\ln.mdetc 
Slleft upriglit during the exposure, as .r- s aho • 

fii^ity in seven tests witli the bug lymg on its side. 
TfjVthat'ilo^ages as lev as 12 cc. were highly eirocLut, \Ahen the l>a^ 
inlaid on its side. • . . • i 

. ••• . 
^YV' " j,ocATION Of THK AiU'OUl.E IS THE HMl 

^fiwiuioh Its CKKS i.t the center often survived when tlio 
Sgiint was placed at tl>e bettoni of Oie.funnp'tdion Hf. t 
hfedatn were mmlvzed to determine (he inlluence or the loiiuion or 

in ui,f series of esperin.ents usi,,. ' 
B(®kvlfh a 0[).cc iiinnmilc for ha -hour ex])osnres, foi i of HAC ic.si.-i 
®Wi™^• irmu slimples at the center or lop of ..he Ijass wh^ the 
Sfe remained upright. In seven V ^u^ fhe"^ 

la' mnrtalilv was coinp etc m samples ivt the cenle. ana .11 lop 
m#T\Seet'',?f ;.:aei„R Jhe a.nponle ''t llm ^.der o he ha^ ^ 
ikSfennined. AVilii a 20-ce. ampoule and a thm--ro« Hhs-lumt exp _M 

inortiiVtv reHuHed in two tesl.s with tiie. bag upright, hut in 
located nl the bnltom there were 

^^^Sllow'iri" ihfse tpsis a pocket wits iiliiced near the fop of each 
PSSo ha '"to I , 1 tliekn,^^^ (Ilk 1"). -V', i.lent fy.ni; mark 
'^-rSso placo7l on the oulshle of the bar lo assist .n oca ,op; I e 

ipoule (periHuidicidar white line aliove the word bead m 
"i'he removal of the ampoule from il.s itidiyidiial nudboaid c in 
iWor was foimd to lie unnecessni-y; in fact, the conliuncr helpt'd to 
mii the broken anipmile and protect the img from glass cuts. 
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iTfTu J i l)y sudi ineanSj and tluifc tho diinonwi 
ofthobfiggouldbe ddcrmbcclsokljby cotWenioncuL 

Ptr.iKK ly. fimiigiitlon l)n« opniied to show the sj)iwlal puchot In »!• 
the inetliyt uinpoiile Iss plneod. 

3iiTKKar-s 

In uddjtloir to the orl^jinnl fumigiition bag; of lirrldweicbt dtu'b 
coated \vUJi etliyl ^dlulose, tlie Aruiy purcbascd bags siniikrly nnidd 

^:i'S V.-. vv .r-
3-"' - ' '. "V' , •'•• -V/-

• '• METHYL liROMIDE AS AUJELOUS»V(? A'ofe^iT,' '' .: : '''^2,1 •• •. • * . ' '•••-• "••••'••«' ' « , 
|^tHafc--fitttecn- w«5 used instead of f.lio ^i?ck-.r= X/3tor- li.vinitm'inl ' 

Ncoprono, a syntlielio rubbcv, was used, tVro layers of 
|T ffojjjed to-'etber and coatedjni oadi outer snrfnce wit)i 
bcve.ral other coated muterrals-v/ere t-estcA^t VfU'Tcius."* 

,^aS )VoU as some pa})er products. Data on all these are asSemblect .X 
^i^ctiou. Tlic mm evitila am described as follows •" . 

hiyer of <luok wjlh throe coats pf othyl celliiJose (lahonipa-y ex-

feVji BlaKle layer aC sntoen wUh ihr»-« caata of ethyl COUIIIOSP (Army type-1 

• iwloiihlo inyar t.f sh««iiii« with, three Inyui's of N'cnpreiio, oac hotwwii 
pae oil i'lirli outer surface (Army.lrne--hag). , -

we Inyora of watorprooCpapcr with an liUerlliilnsoC tar. 
eii\7 wrapping pajHir,, ' >• . -

wSijshigjc Ifl.vcr of cloth coated wItJi vinyl rgwln. , ' " 
.iWhoutjUf layer of cloth coiifftd with vinyl roalii. 
i^^prene hallii'm cloth, coatinl op one aide with aUmdinnn,. weight 2.05 

iiicc-s per square yard. " . - • . ' \ -
Quble layLM- of cloth coaled with polyvinyl Imtyh 

^^nglc layer of cloth coated with l-eslii. • • . • 
^tlpiihlR layer of shoeting coatod with Is'eoprt'ii'^ qlmllnr to (3) nhavo 
^^jjlngle layer of cloth CDiued with,Vlnyllle. 
jfjlhllO'in lainiiit'lt. H dttuhio layer of elolh coated \yith Ne<iprone, uniiliimin 

oiincea per squiuu yard. , . . 
TiUloort hallliu'tt. a tlouhlo hi^-er of phiili cdateil with Neoprciie. n!iimlnl-/,ed. 
Laittlfihted paper with elolli baclc, ' ' 

„.^/lper liiudnateil to clotli. •*. " ' ' 
l^douhhi layer of sheeting, with a inlddhi coat lietween the sheeting of 
-p^'Jhunn H, and nutor coatings of Nooprene, 

^ . J-A'rjnlihlelayer of sheeting, with three coats of huiyl niblMjr. 
^pi^^A-'drnji'lo layer of sheoilag witli a laldille coat between tlic sboeU'ig of 
-"^'^^^^bptyl rnhber, ami outer coalings of Keoprene. 

of tests were made in whicli Ijn/js of 1:1.e v.'trioiis midci-ials 
[^qbnipiired willi bags made of inaterinh J. *2, and !>. In ficvornl 

iV .siiliJcDm) do.SHgu was flelibondely iised, so fhiif. fituu* com* 
could be made. The re-sults showed flmt niosL o£ the male-

P''hclu*all.v n.s ellicicnt ng tlioie coaled with ethyl cellulose 
^^pjedirene. A single layer of: clolh coated with vinyl resin was 

,®nb y slightly inferior, and would require an increased dosage, 
of tli'e.se le.s(s are given in table 0. 

• nriVHLOPAfRNT OP DOSAGII SCHGDULH 

ARB iiliTiuly known, when Ihese investigation.s were begun, that, 
yi ])romi(le is elVeelive in direct reliiiinn to the temperature, and 

yarger dosajjcs or longer e.xposiires are necessary at the lower 
puratnre levels. .Since it was inanifeslly impraelieal to have 

M^^lOljles of Viuions sizes, the variations in ijosngi' seliednli's wore 
iwlfted by using <|i(rcrent e.vfKJSure {jerluds. 
^biBinelliod fil" I'mnigafion wa.s adopted liy the Army, and promire-

bag.s and amponle.s wa.s inil iatril j'ojicuri'eritly wiLli tbr e.speri-
"I'ntal studies. On the basis of prermunary information, a 20-ee. 

iulo was si'lccied as tlie most satisfaelory; thereforo this dosage 
.J.\lSed ill all teats. Hags coaled with eltlier ethjl colhtlosa (»r 
^xene were used in all exneriinents. Tlie louse eggs were from 

iylamlo colony, unle,s.s otnerwi.se noted. 
ivflce^ptlon.i of tUn niniorlnlit urn Incomplete In name inatHncn<<, tint Uioy r4pr&i>'iil 

- ^luf&riiiHtlun avnilaUlo. . . , • 
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TWPC 1 
'lyiwS, 

)t«ne>liii(y| 
ijytvRo 3 

!g7?:;4'''MET: 

f^omimriHOu of buw of i.vir/«l/>f o5 
.{f/Ortnyf; 2H. vo. lici'. bitu vnlf-HS olhnwiiC' i»diriiti d)'--i'W' 

I.' ...... 

^^>V' METJlYi; UK0M1I)E AS A •0EL0ysr5S*AC^T.i,^,' ^ o', S«l 
•'.- • . iC- • • •••« * <** «•' 

Mw-

Tyni' 
[KitUtIKe 

.y. 

Exposure 
•nvjur liatchciV 

.Vnmtrr 
.'<00 
.VHI 
OW 

S7.^ 
' K7.V 
1,400 

.V<tnil<4r 

"I'tlWiBflllniLlftiiS* 

'To7ir.'« 

iVumOrr 

Compli'tely", 
lIvriiVQ 

,Vnm'«r 

"W-nlgo ovideiit. (Imt iit some lernperuMire.s oxpo'^nri' to cold nlonu 
mortality of all stages !6f lico. .The expavimenU •\vp»*e 

'oi;6'divided into two groups as follows: (1) To determine ade--
^axposure periods to use in fuiuigation at varions tciiipovaturo 

(2) to determine the ell'ecL of exposure to cold alone. 

ijpa'dsUliE PEHfOUS NtCESSARV AT V.iUlOUS TKSI I'KU.VTURK IJiVKLP 

were fumigated in individual bags with a normal load 

llirij' ,> UlU V.1V.4 . V-l... .4W 

In to.sts 'at low tein])erat.ures the. coutrol sam )lcs were 
®?iTone half being exposed to the same temperature as t le treated 
itofjt'.gimilar period, and the other half remaining at room lein-

1(4;, The results are. given in table 7. 
yejkhedata were plotted (fig. 11), riie inoroasc m the cxi)ostirQ 

fejUTyUvas not a straight-line i-elationship, but tended to level out 
.. . ^ I n,-\ ...S...,.'... ..,»o .•rtt-.ni.nnflv unF. 

there 
At H>' 

were 
nior-

i®Rjalvtlie hKrhour exposures were veiy few. At •i.'i 
in fi of 8 tests at 1%-hoiir exposures. ... . 

®JJ|^§^'as complete at all expo.snres of 1 hour or more. At 0 sliglit 
S^]^al'.oeeurred in d of 7 te.sls at ii'A-liour exi)OHtires._ Artive. ice .ULUU I I *-\i IM ^ y * • *»% ^ 1 , Jt 4. 

included in Mtveral tests to verify ea'-liar dcterininafitnis tlmt 
more easily Ivillcd than eggs. IVitli one e..\'ception, they 

^jOaviulilv killed with exposures I'or a'l JwMir at fit)® am, alH»vp. if»i 
mrs at 41", for 1% liours at IK?" and -J.l", iiiul Cor 2',', Iniiirs atfl^. 

Kyysri' tiv F.XI'USCIIE TU IDMI AI.ONK 

ipleaof lou.se eggs were- exposed at various teinpcralures rang-
ntv-l.')'' to -W" K. The eggs were little atrecle.d uiiril lln-.V wei-e 

..id to temperatures below 0". At fiO'' complete, mortality of 
3^ttaUlted after exposure for 240 hours, al 2.1° after approsi-

lifter 24 to 44 honrHj at 0° after o to 10 y:lG8 hotirs, at 12.1° after 
after 2 to fi hours. 

i'4n table 8. 
The-tests involving eggs are suiu 
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'. f i, ' rousa tjnrlotJa ,, 
•> ; 4.,; '\ vcynturce ip 20-rq; dpsnpes of iiiclhvl'brqiitido <>( individual fttini[tatii,i, i„^„[ 

' cacli containing npiiroximatcly 25 pQimdk pf,clothing .: ; ; • 

t» . **«.'•-'.' ^ f. » f . •r.'a .'. 

-1« • . 1 

.•• /.'fV vr'.-V;'Vf 

/j' " . 11, •' •- • < 1.»- '"fi 
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' I (• ' . *' * ' '<j ^ • . J •V't f?*« J-
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.?•'.-r .-. , ''•••:• ' 

, *»C-'4». *'*'*• 9 

. .'M' . '60-04 

6s-ro.. 

:i>-75.... 

• iisufi ,• • •<• • 
•:•.'•• 3M 
. '.i : "iH-'• •., ' 

. 2 ^ 

• . 
.•--•AV-S . 

3K 

K 
-i*' I 

ui 
•' <• i« 

' • '•• 2 •, ' •.•' • I 
' •. »; 

-'.'.•n K 

!•• -ll 
A/(au£<i-

M ' 
. 22 

.- 24 
. 3ft 
/'- 4S 

//our< 

,•; Tptui.! 
^samiilca 

VNtnnber^ 
'7 '•' fi 

-3 
>'.,'••• . 2S 
•i"'-. H 

I 

j 
• i 

.-,•••.•>•'2 

'"' 
." •• 4 

• 38 
• 17 

• • '• < -4 
4 i"..-',..-a 

• -.'. j 
.f'.' 3 

• 2 
• • 17 

.• . 13 
.16 
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MO 
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( 2{luiuiilfacniislatutloti'fjRsUOIIOCUHIfruniclathloK: ' •. 4 
' 1 }iunp!ecpii)Ulcil ol vEescoUttL-icil Iront ciuthlno. ' . ' _ 

Active lice were also exposccT to low temperatures in some r>' 
tests.^ Since facilities for feeding tlio lice \V«M-O mot iivailiiblo-
eirectlvoness of the exposure was determined by comparing the nipi?' 
ity of death with that of lico held.during the same period at 
lompemture. Tlioy apparently succumbed to siiorter exposures li' "' 
were needed to kill eggs. i^Uniinum exposures for complete morral'O 
Rpl>{^a^ed to bo about 4 to 8 houre at 10% 1 to 1Y> hours at 0°, and 
to i)0 minutes at--10®4 - V 

'military forces decided tluit the high dosage-short c.xposuro 
^Iwiuatioti would best Ht tboir needa. Tney adopteil aa standards 
^SWnpoule containing 20 cc. of inctliyl bromldcj a bag ,-5'inchas wulc 

of material coated with eitber ethyl celluloso or Neoprcne, 
g^^l^-ovor-tie closure, and the special pocket for the ampoule near 

bag. Directions for use stipulated tliat tlie bag should 
its side during exposure; . 

. v.!" 

N 
•:s23i5B:p«K 
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Tliiise (locisioiiB \vere biisbd • on Lho following fiicts": (1) tao-iy. 
jiuipmiU's would coat lilllii juoru llmn^ L oi' 12-cc. iiiupoulea IU'CIUKJ 
luhop. not.(lie cost: of (lie coiKents, would be (h'u dultti-mining fsu-tiM. 
uiui biigh cnnUI be miseij wit.li gpcaler fi-equeucy wi(li liic aiuutt.," 
pxpoHiii'w period; ('2) in bags 2.') iucbeH. wide luoro ecoiiouiical n^,. 
of fabritvs .wna madu,-owing to certain slock widths; (})) llu' r.»l<|, 
over-tie closure'luul no (lotaolmble pnrta to be lost; (+) (lie poolu'i ii,^ 
tbr ampoule provided not only (hat (he ampoule would nlwu\>> b. 
Ini-aled near die top of tlm bag but al.so>(hat its position coiiKI b. 
easil}' located fioui tlic outside of the bag; (5) fumigation woiihl b. 
successful, even thougli the bag remained upright, berauao of du' 
lixed position of the nmpoulc near the top, aliould tlie direelioiis for 
[ilacing the biig on its side be disregarded. , 

The fnllon'iug e.x'pdsure periods For (ho 20-cc. ampoules were vecom 
mended to the OlHee of the Surgwui Geiiei'al on tlie basis of 
results: , ' 

• • Ti'. - . //ours 

partial 

55 aaO above 
'(Sn>54 
35 to <14 

-UtoJHl-
--lOuaillieliVw 

44 

144 
2'/, • • 

.2'/,, to cold alone 

20 30 40 50 
TEMPERATURE I'M 

l icu'lu: II.—llelntlim of recoauuouOeil (losage Hclietluius to tlie esi>ei"liiie"'"' 
data III lalile 7., Tlie irlonstes i-opreaent teHts giving: Incomplete iiiui tall'> 
luid (lie cIrclfS. tests glvlac complete juortallty. 

- vv:c ^ s :% • v-;:^ 
? ' t ' . ?, •' cf.,, 9® 

, itUTllVL HROMILIE AS ,V nELOpSINO,ACBN-P • J, 
• ', • y. • ,,'i • • •••• •• 

as given completely in table.T, in geuor'il suppovtofl tliBSe*-;, 
[ITnefidations. • . ;• " " '•*' " 
lei'yeiittiot) of tlie.se reroinmendations U) tlie Yesults.bfdcsts/ayG'^-
^^.^iiphically in ligure 11. - . 'I ' ..'"e.f't 

/ I'.Z. 
- PIT.FUMIGATION. 

twigation ^of louse-infested cloLldng in ground pits Imd been 
restecl tu» an emergency. alternative to viniK or incUvidual-bag 

numbci' of testa were mivde to det ermine tlie fca.sibnit:y 
^iinetiiod, using dosages yiiniiar to tiiose employed in the other 

^Kur^£ype.s of pits were tested, as follows (tig. 12): (I) An in-
Sil'ftt.pit, holding 1 barraclvH bag; (2) a trench pit, lioldiug-' 

• 'y'y.i! 

Villi! . 

n^r-
IT-'-• "-T; - IT 

, J?" 

•'.it 

f 

^?t!flS^h'-rPour lypcrt of Kroiiiid pils iiKod li» fuinlgalloti teals: a.'Iiidlvldual 
fl, trench phi 0. JuB-»h»I'ed pit; and D. alrnlgiil-wallvtl pit. ^ 

' • 
femek'a bags side by .side; (ti) a ]iig-.sliaped pit, holding 4 to 

(-i) a straight-walli'fl pit, hohliiig from 2U to !in 
method used in all tests was to dig a pit of the desired 

Wiplaee'the barraelcs bag.S in It, cover the oiening, and introduee 
)ounc cans. • At the end of 

i(^^')p)ae6 the harraelcs bagi? 
hiiaimle from ninjjdiiles or 

Wtposure period the cover was removet and the hags were imniedi-
fi ifted from the ])it for aeration. Thev were lifted out of the 25 

• '.-'d 
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- , . 2S;.' •; ''";CrKcyLAR,'5svu.ys.-fe 
-• 'TT 

"Wiia I. , 
;. . • With tlio ilempuntublo vmilts, RncVtUo furai^rant WRS eint)ti,.?i 

the pit through a shortrpiccy'ofjubiiiff (fig. iak- ;>:, / "-

• t'lGUKK 13.—JMspC'usiny nitilliyl brurnlOo from u 1-poiinil ciui Into ti gruuuci ( 

Si*\-onil typta o^ pintci'inls—including dndc cgtired 'witli etiiyl i vtln 
lose, wtUorproof-etinviis tarpaulin, Avriippiiig paper, iiewspaijci. • 
jiglitwoiLdit Army raincoat, and boards—were used to cover tlte (tpch 

', )7igs of the pits. Jn oacli instance the cover Avas sealed by placing •• 
rjcigtt of soil around'the inargin (fig. 14). • . 

. The pits,were ail dug lit the Agricultural Itescurch Center, Mdi-
villn, Md., Avlicre the soil is a sandy clay with some gnivel, ami t!"' 
tests were made under varied, conditions of weathor iiiid tcnipeiiitiii< 

All samples of louse ogga were from tho Orlando colony. '11"' 
samples were pliicecl botli witliiu and.outside tlio Imrracks bags, with 
most of them, ooucpntvatod in. the upper part of tho pit bocansc ib'* 
gns concentration would naturally bo less iti that stratum. Saiiij'h'' 
wcic idaecd in llio center, of hiirraeks bags, as well as at local""" 
outside (ho bags. J'hfty te.sis were, made, involving 200 samples v "'1' 
a total of (111,1 IT) eggs. Almost 20,(i00 additional eggs WLMW obse'*''' 
in control samjiles, 

'I'he result.s, which are gi\'en }ix tables 0-12, show that ground ' * 
are Mi'lahle for use in lieu of fumigation chambers or bags, at do- ' 
cuni[)a»*>ible to those iisod in these devices. On culm days high i"' 
tality was obtained in small-moutbed pits without a COVHU', but v 1" ' 
wind movement oaniiTeii it wii.»^ necessary to provide a fight cnvc^ 
order to obtain complete mnitalily. OP the.covers used, canvas i." 

;.v..A".V, 

2G 
•owrlW' Uio large ofvcalyg '> • -. .. ' ,i 
•M'.h fiupportlng BtrlDK . . , 
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Dosages ol i luiipoulo per bag. where 1 or 2 bugs were invoh-o.i • 
ampoules for 1 bags, tt iimpntiles for 5 bags, and'S ampoules for'il' 
bagsWere satisfactory. For lots of 12 to 21 bugs (table n ) a 
call (202 cc.) was siinicieut. Foe lota uf 20 to aO bugs in a sLnii.ri,t 
walJert piti (table 12) one J-poimcl cair did'not produce connrii'i. 
mortality, but this.was considered to be due more to the clmnirtor ..! 
thopitLlinntotliedosfigd. • .• . 

r.iur.K 'J.—of Jou.tc eufjts n/tcj* I'xpoHUVi'- tn oiiP 2Q-vf' «wi/»>«/(; 0/ m< ih 
tiromiiio hi hi(livi(liiiil ui ounil pita, icilli oin: lutp of iimhiu{f pur pU 

Fumltrulloii 

TAIIU: 10,—fliiiclihui of VHPH nfter c-rpoimrn io ticu iO-vr, uMprmh i < 
luelhpl biwiihir in IrniiM pitn, wUh lico liitllf nf vlotliina per pit 
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AlRtNO OF Cl.OTMIMC 

111 ilie preliiniiiiiry tests it Avas soon demonstrated tliat mcib^' 
bmmide fumes hi elollilng could be easily reijnced to a tH)nhnr-Hrii"'i 
siinouut. C-lothiug removeil direetly from indivhluul fumigation !• :' 
sbmveii a higli coneenlration of methyl bromide trapped between ' 
fohh of garments, when .such were tested M-ilh a Jmlide leak detect"' 
hut these pockets were instantly dissipated by shaking the garim -
-Vdditlonul fume.s were still absorbed in tlie clothing, which coiiM '• 
trapped in measurable amouiiLs If the garments were folded agaic-

*A lintiilQ k'uk fliituctui- u n ccinvi>iii<'nt liiBtnimenC for nmkliikr u'nws aotiTniiiiiitu 
of eoiic«na^ttUoti« of inetJi.vl bronilile burwi-on nO ami l.ooy u.ii'.in ft Is used in U" 
ri-frli;er«t»on tnitii.py in dnieci Ituks in refrlgurnnt linns, li apurates on a iirlnHe''' 
of piuKiio; fumea of any nHllilo OVLT nal-luii coppor. If methyl hrotnldo la proKeuT, c*""' 
• liBne« procrwisluir from fnlnl to dark (inrplo ri'snU, ami can he nsoil as gro-" 
Indicators of tho coiicunlratlon. 
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JlMILITAUY UTILIZATION OF METHYL BROMIDE 

SghTihent debusing stations at ports of delmikalion. 
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I 'I* #« r% «• <k -*' •(''. 

!. :• " aiiy-QwtWak of typlius amon^ American forces, si, il,'' 
<• • ' h" .1--^ deloiising in the fiold. One b.ul .,u't 

,•'•#-•1.:", W the Civilian nonulation at "N^imlfva wne quickly Siippiuss! 
ueiouKing in tiio tio 

bieak.in .tlic cmjian population at .Nupleg -was a 
, • aLnnl^S' • of insccticidia nowdqrs. 

«»»cr?thefmnignlion bag' iff.uj "S > ^" vP 
licqompany.-.the,troops,U\at^nwaacd jNofti ,2® « niiCvr'' - •• •"'•• 

#lfl#42 ^rui ^i«t bags ^vQre.fnlldff.^SatetncGatw 
(2), pnffQ' 21,1 . and usea-^r.o: tfflcl-Ovcr.Uo 

have ccvtaux Unuvbacte, 
®^&3'fUsion dunng gbipping, aiid,,at tho sarno.^! je TldloS to ' ' 

ffilnJ^torial Vcauseyof d r .; 
St^*i L —/s .1 • #1/vtil-Hft• ̂ AIM'Irt'niI Wltll JN'001)1.01JV.*V4»*,.A )i . ' •*> 
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CIRCULAR.7<5, .U. S,'DE:r'A.RT.UEKT,OR, AGRICULTURE 
MtTllYL RRUMIDE AS A ni-L0U5W»O. A^ENT 

ly.—•I.ftlait ty\)(»"of (|»Miiouiitnl)Ui XtinilKRlioii .VfiiiU prcu'iirwl liy llu» Ann.' 

vitiniirjo." Ml Hll-mntiil dPlnoiKitiibU* fiiniiKiUlim viiiilt. >» '-'1 
. ' IIM? Mnrliit* 

U) lu 
|®lfeofUie oi-i^iiiiii! mode), except that in tlui „.i) 

F-iouws 10.—Tlic upplicatloe of cnllctttg conipoiiiiil to the Ji>)iiliiir smrf«t'u- *'f 
• noimld I p. »K<. »>.^.•»l»n i i - » • . " • • 

.14 .11 1 |... -

Tlio \ilutoi)n w 
una capable of luinaiiiin rmm i.m u. .,w. .. , 
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• , CIHCULAK 74J,'u s. DEPAUTAIENT OF ACRrcyLTUHE 

their clothing find,ef(uipmcniAver6..being fiunigated'. By the tiiu. 
tliey reached the end of the line, their clothing wiia ready l'e)v ihoi,,' 
By the use of 3.vaults loaded iu rotation, a coutinuoiis operation inni.i 
be maintained., • 

',:/K 
Sr. "Vl 

' .-METHYI:. JIROMIDE AS A,.liEI.pUSIN?o^*OW'^ *oV. . 'f*, ',"^"0 

once a louseXnfested p^^on J.pemit® to ]|rwe:if, . 

^Se^Susing stations, with honriy capacity raUn^W 
^ISi 160 to 000 men, were bnilt at all Ijlp^ the ports of nmbaidc^ 

Amen^ under Ayiuy ; 
'A^^v'stiitionS wore designed by tlio staff ov the Chief of Lngm 

abent'fumigation vaults, of. a design simdai 
imontal daraomitable vault,.wore built m batteries' j-^ 
'^i)^ The Avails avo of concrete or sheet Steel with doois of ' 

id Uned with sheet metaU- bevoral types are "J 
t-25. At one poit ah-availnble" vacuum-luiiiigation^phaA 
.nded and utilized which-permitted the use of a shoitci 

^iire-pei'io.l. ITnndi-eds of,thousands of ' 
Sorionnel have been trcate<l at those delousmg stutions... , , 

is laid out so as to prevent vecoutamuiation . 
IM'- ^iThe pei-sgmiol to be deloufied enter at one point , 

atai4 ...Itil they'leavc, without h.Lvmg.lmcl., 
mhSvitn persons entering behind them. - • - A 
iirodsal oftho funiigaht after the'fumigatioii was pornpi^l-^ji . 
)raUilScult problem in pcimanent stations than ."mobile ^ 
/oAviiie to tlic accumulation of fumes from clothing 

MSOU^. .Special shake-out rooms, with forced ventila ion to 
fumes constantly, were installed. All deloiisin" stations -

for keeping the concentration of methyl broimrle 
lligkiiihclow 30 p.p.nn at iDl tiniea.: 

.1 

bJnpuB ilLT—A. battery of fmiiiKiitinn vmiltH In onfivntlon at a oeiuniin'iu th 
Inustna station at a port in tlila couatry. Tim two vauU.s In th« laidiKi"'"!. 
jire Ueinjj enloniled, tiio two contor t.noa are lieiiif; viitiillatuii prior to 
Inar and the Livo Jn the foregroimd are iiiirter fiiiiilyaiioii. (Photo hv I' ^ 
Signal Corpa.) 

A number of deinountable vaiills of tlio type shown "in lignic t-

PimMANiiNT DliLOUSING STATIONS 

Fuinigntitiii of rlodiinm plus the appUctUioii of an inseii' 
spray to (lie body, has been selected as tlio most satisfactory nn'i" ; 
of deloiisliig prisonci-s of war and personiu?! reentering the Un '- • 
States from uuiihat zones, to prevent the introduction of typ' " . 
mfe<-led lice. This selection was based on tlie fact tliut the etVeii «'i 
a fumigation treatment is complete when clotliing is returned i." •' 
pH-^oner or soldier at, a delousing plant at a port of debarkati'^''-
wlicreaii the coiuplelo effect of nn insecticidal powder can be prevented 

:r.-

.•HuUtf, Willi concrete walls and stool doors, 
(Photo by U. S. Signal Corps.! 30 
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V ^ Ec.. 3G(i): ysLg- V£i-i> •, 

Studies of if ethyl, Brdinid^',. Chlbropicrin^ Certain Nitriles 
• and O^Ber Fmnigants Against the Bedbug^ 

] * HiLN-nr H. BICTIARDSONV 17.5.0.^1., Agr, lies. Adm., Bureau 
- • . • " of Entomology and Planl Quaranline 

' • j^5i 

S^lll 

t-: "* 3 

IP' f'J ffil-S 

The control ofbedbugs Cwncx leciulamis 
L., is particularly important under war­
time condition^, since pl^es where num­
bers of people congregate such as soldiers* 

The fumigations were made by direct 
exposure of the :nsects to the gas either in 
a 12-liter glass flask by a melhod previous­
ly described (Richardson & Casanges 

barracks and sailors' quarters are favor--" 1942b) or in a 7//-cubic-fooLslecl cylinder, 
able for (he development of infestations. Most of Uio chemicals, including liquid 

• The likelihood of such infestations in air- _ hydrocyanic acid, were measured under 
raid shelters in JEngland was mentioned " a hood with a micropipette to which wius 
by Blimine (1941), and more rhient re-attached a hypodermic syringelubricalcd 
ports. (Great Britain - Medical Research";^, with stopcock grease. Ethylene oxide and 

. Council 1942) have confirmed tliis predic- . methyl bromide were measured wiUi a gas 
liou. Although the bedbug does not seeni burette in tlie flask tests, but the larger 
to have been definitely incriminated as a quantities needed in tlie steel cylinder 
disease carrier under, natural condiiiohs were measured jn a cooled, graduated 
(llegher ai aZ. 1988), tlie work of Milzer.' glass cylinder. V"^;' i. 
(1942) suggests that it may be an hnpor- . In the flask tests the insccls and eggs on 
tant vector of Ijuhphocytic choriomcnln-a sinall piece of cardboard were placed in 
gitis (Anonymous 1942).- .r a shallow glass beaker and quickly lowered 

Laboratory studies have been made into the flask after the gas 1. d been 
of the fumigation efficiency of a num- "vaporized there. Preliminary tes; . indi-
ber of chemicals, including acrylonitriie " cated thaiitmndelillledilTcrencef hcUier 
(Richardson &, Casanges 1942b), 1,1- the insects were fumigated in the glass 
dichloro-l-nitroethane (O'iCauc & Smith .'beaker, allowed to crawl directly over the 
1941),-' and certain chl6roacelonitriles. -floor of the flask, or placed in Uie flask and 
(Peters 1940), that have recently been,- exposed to thclower pressure present dur-
f(jund toxic to various insects. Methyl . ing gas vaporization, 
bromide, , cliloropicrin, hydrocyanic acid. In the stcel-cylinder tests the insects 
carbon,disulfide, and 15 other fumigants . and eggs, on cardboard, were placed in an 
have also been, tested. Approximately 150 .organdy-covered Petri dish and exposed 
fumigations _have been' made in glass :directly to thefurnigant, or tlie dish was 
fljisks and in* a steel cylinder,' on ap-\ wrapped in 0 to 8 layers of cotton batting 

; proxim'alelj'" ' 15,000 eggs and 30,000to indicate penetrative efficiency in col-
nymphs and adults of the bedbu'gEThcsc i ton-containing materials sucli as mat-

. experiments, are discussed in this paper, tresses. The chemical was injected from 
hlATEiiiALs;AND METKOnsi—The bed­

bugs were reared in the laboratory by 
metliods described by Woodbury & Barn-
hart (1939) and Campbell ei aZ. (1941),-
The insects w^re kept at 77° F.'and al-
lowedi to •feedE'once a week on rabbit. 
Eggs up to 4 days'old, first- to fifth-stage 
nymphs, and adults appro.xlmnlely 4 to 20 
days old were used hi the tests. 

The chemicals tested are listed in table 

a pipette onto a sliallow pan at tlie lop of 
the cylinder, where it vaporizcfl. A small 
fun was run at very low speed for the first 
10 minutes to distribute Die gas. The 
slight increase in pressure due to vaporiza­
tion was then relieved. With a number of 
the more toxic gases some final tests were 
made under loaded conditions by placing 
a barracks bag containing a 25-pound unit 
of clothing and blankets in the cylinder. 
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^;J-.gggs wen 

were 

1. lu general they were of tliebest quality The barracks bag contained 2 heavy 
• - ,1 • ...n t.. irt-ooien blankets'(eaeli weighing about4 

overcoat, a suit coat','' 
summer and winter 

^0 w W V*. WW MVOL L|UailUj' W- \ 

• obtainable commercially," an^some were"!, woolen blankets'(ead 
' of C. P. gradeA/;;S*A~a heavy ov 
. ... V. l?-" > trousers, a blouse, s 

, Eulj* |iul)Gc>\t>on' tliij [uiper (xxnux of ill war 
euirreto^ valus.~ ^ t . 

'Ihe wnlcr >ielmowkaKC« vSUi tlianlti ^Uie aiitAUnte of 
fkTourice Weltr durios part of Uic (nvextisaUoni, and l}>e pro.-. 
VufoD of a cofonx of bMbugt by-P. X_ Canipbdl, of Ohjo State 
Unimiity.:, fy.. 

underwear, socks, and shoes. This gav^U 
load of approximately 3 pounds of clothes 
per cubic foot of space. A sample of bed­
bugs was wrapped in 8 tolO layers of eaoh 
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blKiikel. One blanlcet yas expos^ clirectlf t ethyl etH^^^ in die prehmbary tasU' to • 

•J:-, y: 

a relative humidity of from 50'to 95 her - ^™»gants against various s^ges of the bedbug. 
,„nf -. / I • .,X .• • 1. /% - :,Five-Tiour eiposures at 77® F. (25» C.) in 12-

_ T ^ ,.- ^I . • Itf Ar 9lf>ec fio elrc PVr£A^«««nt«> **« r, ,, ., v •• ' • «•-•• -••- . .• - Jitsfg'assfladcs. Chemicals listed in approximate 
^ Usually about 100 eggs, oO .njmiphs in order of toxicity to the older nymphs, 

llie second to fifth mslars, and,80 adults- . • - •• ••:— 
were used in each test. First instars^tvere .*• ^ 
included in most of the earlier tests, bul -l v -' 
tlieir use was discontinued because iu 

. . CflEUICAI. -general they were found to be less'resis-y' - • 
lanl llian ^e older stages. After^thefumK ^ -.,..';Vi- n.''.•••• 
gallon the'insects werekept in Petri didiei •; kyiiwvsaic acid.HCN 
at near 77; P.^The nymphs and adults 
were exarained l and 6 days,'and m some 

" •"• a.H.DiclJoroeUix'1 cUier, ' • cases 10 arid 20 'days, after fumigation, 

" AjTItOXliUT-.; COSCM-
" TBATIOH TO GtVE 85 TO 

100 PKK CfcVT KlU. 

Older"'.. • 
nyinphi.,Adu]tj Kggt 

Jfo. per J/jj. per Hp. prr 
liter-'.'' liter liter 

ivere county as alive although some of . i^DidSSSEn^c'S®** 
ihwn may have died later. ExaminStiohs 
for egg halcbing were'm^e 15Bays after' 
IreaUncmt. Unseated.control .msects-and . • 

(lichlurlde 

TelrnrlilorDcUutne-tHclilaroetliylene. 
•- - mixture (1:1 by vol.p'V 

xyiD'Tetrncliloroctliane,-. 
. aichCHCi, 
.Metbyl&lly] bromide (S-bromo-S-

melhylpropene-I) (:H,:C(Ci{i) 
' CffxHr* 
- Cftrbon (jisulSiIe, 

r Edu-Ieuc dichlofide, Cll.CICniCI 
Blbylene dichloride.csrboR tetra-

cliloridetnixliire (9:1 by voL)< 
Citrbon letracblnride, CC^ix 

lively, themprtality was generally negligi-
lile and no account " was taken of it in 
calculaling efficiency. . ^ 

EmciENcn: GLA^ O^USKS.—Idosl 
of the clicmicals were* tested at three to 
.sir different concentrations, .^'although 
some of tiie less toxic ones werd.giveh only 
one or two preliminary testsT J^pin these" .Tricbioroeibyiene. cuchcci. 
results the approximate concentrations 16 
give 95 to 100 per cent kill of the various 
sLiges vere rouglily detennined. The 50 > subicctfd lo preiiminnry te»i« only. 
l)ir cent, or median lethal, concentration . .* ibxn icirxcbiowtbane 

r ,1 1 - • - , ^w.^wxuii, tclrMliIoroetbane tonteiil only. 
of some of Uie chemicals was deLennined,. 
but inasmuch as it cann^ be used to fore-. 
cast the concentration required foi; - 65 
to 100 per cent" kill" (Shepard 1934, 
jllchardson & Casauges 1942a), the eirf-

0.4 <0.4 <0.4 
3-4 <2.5 i . 
3-4 • <3 <3 

' '5-8 • :/ 5-0 >0 > : 

•' fl" 3-7 .''5 6 
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..' —* -.. 1 

83 • . '23-30 

• S3 , • 33 . 25 . • . 

sr.3 
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. 1 
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>50 • 

• 30 
>50 

>30 
. >50'.: 
>50 

>50 
>60 
>50 

>50 f 
>30 
>50 

Fifpire* 
'On 

ureag'vu are (or (be ccmbinrd weigblnf I>oUi cbetnicala. 
(be uoai, of nct^ylnniUile only, the Cgurti would be i.6, 

2.5-3, and 2 mg- l>Cf liter. 

lii 
mi' 
•Si'r 

1 
OD ihe btis!« of 

generally used between 4 and 8 days after 
feeding, as it was found, willi cliloropicrin, 
that recently fed insects wercless resistant 
^—similar to the findings of kfayer (1934),-

jiliasis was placed on Oielatter cohceritra-. Busyine (1938), and Gough (1940) witli " 
lion, which is of'major-importance in". • some other fumigants.. 
{irftclical control.'='The^data '_ are. sum^'; V ", Hydrocyanic acid was the most toxic 
marized in table 1. results being similar to tliosc of 

Tomostof Ihefumigajits^but especially ". Guhderson & Strand (1939) and others, 
to clliylene oxide" and-ethyl formalej the. i"'.; - * \ " r -
I'CgS were mOrtT' susceptible . than' the .V "'Tbeffct^aHbesm-ng. Mid probBbl^ marr roUlMiU fUSj 

* J 1L -t iT .f ~ 1' ' \ 1 • - vtrt u#«?a m llie leiU ihouW 4l*o he conudervn* Gouffh (1040) . n*»innl>c rtT* nrliilrc-A f In thA h«nH +-KA- -..A—» 
J V* 

t pyinpllS or adults.^ On. the other band, the --'JMind yoiing egg* to be mure re*IiUiil tli*n older egg* to *ul(ur 
eggs were the most rcsis^t to dichl6r<>-'' 

IM: 

^4; ••im i<*. - . 

ryiiS^i^f ' 
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Acrylonilrile, which . !.iad previously 
been found very toxic to tlie confused 
flour hcetle {Tribolium confxmm Duv.) 
(llicbardsou & Casanges 1942b), was 
the next most toxic chemical. It had a 
slightly dehayed action against the bedbug 
similar to that noted against tlie flour 
bcetJe. That is, bedbugs exposed to , a 
killing dosage might appear to be alTected 
slightly or not at all at the end of the 
fumigation, but all would be dciid by tlie 
next day. Acrylonitrile is a colorless liquid 
wiUi a boiliug point of TS®-?©" C., near 
thai of ethylene dichloride, and is used in 
the synthesis of artificial rubber. It lias a 
disadvantage in being somewhat flamma­
ble, but this can. be overcome by mixing it 
witJi an equal volume of carbon tetra-
ciiloride, The addition of -carbon tetra-
eliioride'also apjieared _to increase, the 
toxicity,' although this compound ap-
parentlySvas nontoxic at.thcse concentra-
tions. Por example, in. six paired tests with 
bcdbugnjTnphs at various concentrations, 
buLwitli each pairhaviiig the same do.sage 
of acrylonitrile, tlie percentage mortalities 
were as follows: 

Acr^'loniLrile 
1 0 
ilO 
ISO . 
58 
58 
70 

Acrj'Jonitrile-carbon 
Ic'traclilorkie 

40 
.17 
68 
08 • 
88 -

•; 100 

Inasmuch as carbon ietracliloride prob­
ably acts also as a carrier to give gas dis­
tribution, as ii. does with other fumiganls 
(Farrar & Flint 1942), its addition has 
several advantages. 

The action of acrylonitrile on warm­
blooded animals, according to Dudley & 
Xcal (194?), is like that of a typical nitrile. 
Cleavage of the molecule probably occurs 
to produce hydrogen cyanide. They found 
dogs to be much nmre susceptible thm 
guinea pigs, the mihimim fatal dosage in 
a 4-hour exposure being near C.24mg. per 
liter for Uie former and 1.S8 mg. for the 
latter. Dudley, Sweeney, & Miller 
(1942) obtained no definite evidence of 
cumulative action in repeated exposures 
to low concentrations (50 to 150 p.p.m.). 
In an addendum ,to their paper & 
Tan Oettinger state tliat acrylonitrile 
and hydrogen cyanide seem to be of a very 
similar order of toxicity to 7,*arm-bloodcd 
animals on the basis of cyanide content. 

^ % '' v.*V ^^ 

V' I ' 
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Until further information is gathered, 
they propose amaxiraum permissible con­
centration of 20 p.p.in_. (0.04S nig. per 
liter) for acrylonitrile in an S-hoiir ex­
posure. This compares wiUi the present 
accepted figure for hydrocyanic acid of 
20 p.p.m., or 0.02 mg. per liter. 

Chloroacelonitrile and tlie di- and tri-
cliloroacetonitrile are sneeze-type, non­
flammable gases, recommended in Ger­
many (Petersl940) for control of bedbugs 
and otiier insects. Altliough chloroacetoni-
Irile appeared to be tlio most toxic and 
was similar in toxicity to acrylonitrile, as 
was found witli the flour beetle (Richard­
son & Casanges 1942), it had tlie dis­
advantage of being slow to vaporize. 
Tricliloroacetonitrnc, the least toxic of 
tlie three, appeared to have some delayed 
killing acliou between the sixth and tenth 
days after fumigation. Busbey cl al. 
(1942) have recently found trichloro-
acetonitrile, to be more toxic tlinn methyl 
brpmid.e_tp_thaCalifornia red scale. 
^jCiiloropicrhr, .wliicK sfioweJlii^rtoxic^ 
ffyi;Iia"s!bc'en rcported(aslDeihg inu^ le-s^ 
toxic'tb the.eggs than tolthe nymphsbr 
adults,(Bertrand, el al. lOlG, Gunderson & 

1939, Peters 1939). Tiie present 
data confirm ilie toxicity figures of Gun­
derson & Strand for the nymphs and 
adults, as well as being near Ihougli 
slightly higher than those of Sherrard 
(1942), but tliey show the eggs to be much 
more susceptible. In paired tests al various 
dosages the mortalities for older njunphs 
were 40, 45, 51, 55, 58, CO, and 65 per cent 
compared witli 100 per cent kill of the 
eggs in all tlic tests except one, where it 
was 94. The higher toxicity to tlie eggs 
was also noted in other tests. Against the 
nymphs and adults chloropicrin appeared 
to have some delayed killing action from 
tliG sixth to tenlli day after fumigalioii. 

a,jS-Dichloroetliyl ether was among Die 
more toxic clicmicals, but it vaporized 
very slowly. It may be wortli detailed 
study in some pliasc of bedbug control, 
such as in spraying vacant houses or 
houses that are lo be dcmoli.shcd. 
• Ethylene oxide was not found so toxic 
to nymphs and adults us reported hy 
Gundersoii & Strand (1939), but the 
toxicity figures were near those of Busvliie 
(1988). The concentration needed for kill­
ing the eggs'was only about onc-seventli, 
or less, tliut needed to kill the older 
njunphs, tlicse results being similar In 
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Uiosc of Mayer (1934) and Busvine (1933) 
The addition of ethylene, dichlonde to 
eth3dcnc oxide in a proprietary mixture' 
ajipeared to increase its efficiency slightly . 
when compared on die basis of equal 
dosages of ethylene oxide. Ethj'lene di-: 
chloride alone appeared to have little if 
any toxic effect at diese concentrations. 

i-Nilropropane seemed to be about as • 
effccLivc against the bedbug as against-
the flour becUe (Richardson ei nl. ,1943). 
Preliminary tests yvith l-nitrobutane and 
lutroetliane indicated tliem to be less toxic 
in that order, the results differing from 
lliose with dieflourhcetle. ' , • "\ ;, 

o-Dichlorobenzene appeared to be simi- -
lar in toxicity to 1-nitro-prop^e.Bedbugs 
funiigatefl witb o-dichlorobenzepc became' 
verj' active and' appeared to ,be much ir-. 
ritaled. It is important to note,liowever, 
in a report of on English committee on , 
bedbug Infestation (Cameron 1942), that 
o-dichlorobenzene was rejected as a bed­
bug fuinigant or spray because of its 
danger from die healdi standpoinL 

'hielhj'lallyl chloride, which has been 
recommendwl as a fumiga'nt in Europe 
(Briejer 1938, 1939), was among 1he less 
toxic compoimds. The closely related-, 
compound^methylallyl, bromide w^s less 
toxic, contrary to results with the flour . 
beetle t ". .. "• 

Tctracliiproelhane was among llie less 
toxic materials, although more toxic than 
die closely related compound.,ethylene 
dichloride. It vaporized,-very slowly af 
room temperature. A mixture., of tetra- . 
cldoroethane and trichloroediylene - has" 
been patented by,Balazs'(1939) for use 
against bedbugs. In die .present'work-.a 
1:1 mixture (by vol.) gave 98, 100, and 
100 per cent kill of nymphs, adults, and . 
cgg.s, respectively, cornpared witli 71,100, 
and 100 per cent given .by" tclradiloro-
cLhane tested at the same tetrachloro-
clhane dosage (30 mg._.,pcf liter). Tri---
chloroethylene alone-*^ about the same 
dosage Imd little any killing .action, but, 
it did have an'unusual an^Uietic action, 
for all the Insects appeared paralyzed at 
die end of fumigation but were completely , 
recovered by tlic next day:-. • 

Ethylene dichloride was relatively loW ' 
in toacitj^ Prdiminary tests-indicated 
that it had some delayed killing action 
between th.e Sixth and twentieth days 
after fumigation, but by no means to the 
extent it had in previous workj^apinst the-

flour beetle. The addition of carbon telra-
chlcridc did not appear to increase its 
efficiency. Carbon tetrndiloridc alone was 
also among die least toxic chemicals 
tested. 

Etl.MlGATlON EFFIC1E.NCY IN AN UN-. 
LO.^DED STEEL CITJINDER.—^Most of the 
chemicals found to have the highest toxic­
ity, in the flask tests were teslc<l three to 
five times in the unloaded sled cylinder 
together with two organdj'-covered Petri 
dishes containing insects, one being 
wrapped in G to S layers of cotton batting. 
In general, die gases tested had no dif-
flcultj' in penetrating the cotton. Eor ex­
ample, in five paired tests with various 
dosages of acrylonitrile and four with 
chloropicrin the percentage inortalitics 
of the older nymphs were as follows: 

Acrj'lonilrile 
NjTiiphs Nymphs 
exposed 
directly 

100 
100 

07 
01 
13 

wropped 
in cotlon 

00 
100 

00 
08 
25' 

Nymphs 
exposed 
directly 

07 
03 
GO 
45 

Njmphs 
wrapped 
ill cotton 

08 
84 
GG 
58 

Similar results were obtained with 
cliloroacebanitrile, mcUiyl bromide, 1,1-
dichloro-l-nitroethane, di-and tri-cliloro-
ncetonitrile, ediyleneoxide and its mixture 
widi etbj'lene dichloride, and eUiyl 
foiiuate. 

Tn the case of acrylonitrile, cldoropicnn, 
1,1-dicliloro-l-nitroediane, and methyl 
bromide, die concentrations required for 
95 to 100 per cent kill in the unloaded steel 
cylinder were approximately the same 
as those found necessary in dieglassflasks. 
'\Vilh hydrocj'anic acid, chloroaectonitrile, 
di- and tri-chloroncetonilrilc, cdiylene 
oxide-cthyleiie dichlonde mixture, and 
cth.yl formate, however, somewhat higher 
conceiitralions were required in tlic steel 
cylinder. Tlic reason for this is not known 
at this time. 

FUMIGATION EFFICIENCY IN A LOADED 
STEEL CYLINDER.—Some of die more 
toxic fumigants were given preliminary 
tests In the heavily loaded steel cylinder 
(3 pounds of clodiing per cubic foot of 
space) to determine the penetrative powers 
into cotlon batting and woolen blankets 
(xxposed dirccdy to die gas or packed in 
the center of a bag of clothing. A unifonn 
dosage of 20 mg. per liter (20 ounces per 

--
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1,000 cubic feet) was The results are -
slioi\*n in tables. , / 

TJie mortality figxircs indicate that the. -
woolen blanket placed in tlie center of a 
bag of clotlies furnished the most difficult 
test of penetration. '.'X - Vi - ^ • -

These and other tests at dosages of 16 
and 18 mg. *per liter indicate methyl 
bromide and chlorbpicrin to be the most 
efficient chemicals' under the heavily^ 
loaded test'conditions. .They were used 
at only about S and 3 times, respectively, 
the dosages required to. kill in an empty 
flask or cylinder. On the other hand, 

property. Its vapor is very Iieavy (sp. gr. 
, 4.05, air = l), - . . 

Ethylene o.xide WJLS near cliloroaceloni-
' trile in efficiency againstnymphs. 

In a furtlicr test at 18 ing. per liter 
methyl bromide and chloropicrin seemed 
to be very close in efficiency. The mortali­
ties of older nymphs caused by methyl 
bromide were 98.6, 94.7, and 100 per cent 
in cotton, blanket, and blanket in clothes, 
respectively, compared wltli 100, 100, and 
93 per cent for chloropicrin. Both gases 
are practically nonflammable. Chloro­
picrin has strong warning properties and 

Table 2.—Efficiency of several f\imigaDts against bedbugs wrapped in vanous materials to test for 
pcnetiatiTe powers under heavily loaded conditions. Dosage, 20 mg. per liter. Five-hour exposures at 
77° F. and normal atmospheric pressure.- • « " . 

- PKnCENT.'lQB MonT.\UTV OlCfiiEOBDtft IVll.^Pl'ED IN— 

Botlon Batting '\\'oolen Blanket Woolen Bliinket in 
Barracks Bag 

Older • Older Older 
ducMiCAii"! ''njnnphs Adults Eggs njTnphs Adults Eggs * tijnnphs Adults Eggs 

Atotfajfironiids. ' 
CbloniqSmn* 
Hydrocyanic acid , . 
Acrylonitrile-airbon tclra- : 

diloridcmixture fl:l by 
vol.) -I.' -

Trichloroacclonitrilc 
1,1-DlcbIoro-l-mtroclbane. 
Etiiylciiebxidc • ,-j. •. 
Cliloroncelonilrilc 

100 
100 
100 

100 
• 04.S 
70.0 
37,7' 
so.b 

100 
100 
100 

100-
97.6-
07,5 

100 
100 
100 

100 
Ofl.8 

-78 . 

100 100 100 
100 100 100 
JOO 100 100 

100 100 100 
100 100 100 
01.8 00.7 100 

.76: "v 

02.8 
.76 
00.7 
17.8 
1.0 

100 100-. 
100 100 

07.0 8-t.S 

7.8 

20 
64 
31.6 
24.2 
14.8 

26 
- 89.4 

07.4 

14 

20.5 
08.3 
64.3 

hydrocyanic ackl at 30 tune's tiic 
killing dosage ^ave.ifre^Iar faults and 
appeared slightly*fes3iefficieiit. Acrylo-
iiitrile-carbbn tetrachloride, mixture at, a' 
dosage to give 20 mg. of acrylonitrilc per 
liter, of about'S to 10 times the killing 
dosage, was next in efficicncyj fallowed 
closely by Indiloroacelointrilc and 1,1-
dicliloro-i-niLroetliane.- , : ' J• ' 

TricliloroacelonitrUe'at les£ than twice 
its killing tldsage '^avc'mucdi highe'r_ effi­
ciency than chloroacetbmtrile i'sed at 5 to 
6 times its killing dosage.^It is a colorlass 
liquid with'a boiling point, of 85® C. Its 

Igas is nonflammable.. It "aerate^'rapidly 
from clothing'at the..terripcfa^_re-tested 
and miglil,welTbe'cbrmder<^ for.^ further 
study . Peters ̂ 1940)/statesJ. that "if has 
about thesame toxicity; to' •warm-blpodctl' 
animals as ethylene bxide'and methylallyl 
cliloride, but" there.'is little danger of 

."-appeared to have little if any efTcct on 
fumigated clothes, but its relatively low 

• vapor pressure might restrict its efficiency 
at. lower temperatures. Mctliyl bromide 
has a high vapor pressure and it appeared 
to have little effect on the clothes or 
leather shoes under the le.st conditions 
maintainetl. 

SUMMAKY.—Twenty-six cliemicnls or 
mixtures were tested as fumigants against 
Uic'eggs, nymphs, and adulb of the bed­
bug (CtTrtca: lectularim L.) in 12-liter glass 
flasks; some of the more toxic chemicals 
were also tested in a 7.7-cubic-foot steel 
cylinder. Approximately 150 five-hour 
fumigations were.made at 77°i0.9® F. 

: vnth appi oximately 15,000 eggs and 30,000 
njTnphs and adults. ;^ 

' • ' In the fumigationsin empty glass flasks 
hydrocyanic acid was tlie most toxic gas. 
It was followed by acrylonitrile and its 

' mixture with carbon tetrachloride, cliloro-
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iicotnnitrile, chloropicrin, and dichloro-
clliyl etlier. Slightly less toxic in Uic de­
scending Order u'cre 1,1-dichloro-l-nitro-
ctliane, methyl bromide, di- and tri-
ciiloroacetonitrile, and ethylene oxide. 

The addition of carbon tctradiloridc to 
aerylonilrile (1:1 by vol.) to produce a 
nonflammable mixture also gave increased 
efficiency 

Chloropicrin was more effective against 
Ihe eggs Uian against the older nymphs 
and adults, 

Tlic second to fifth instars were gcner-
iilly Uic most resilnnt and tlie eggs the 
least rcsislant. This relationsliip varied 
with .some chemicals, the egg being most 
resistant to dicliloroethyl ether and tri-
chloroetliylcne. The egg was much more 
susceptible to ethylene oxide. Trichloro-
ethylene had an aiiaesllietic action agamst 
llic active stages, '' • ' 

Tn tests with the more toxic materials 
in an unloaded steel cylinder the efficiency 
was just as great against insects prolecled 
by cotton batting lis against those e.vposed 
directly to the gas. 

In a loaded steel cylinder methyl bro­
mide and chloropicrin wore the most ef­
ficient gases when u.scd at a dosage of 16 
to 20 mg. per liter (10 to 20 ounces per 
1000 cubic feel) against bedbugs wrapped 
in cotton batting or in woolen blankets 
exposed directly to the gas, or packed in 
the center of a 25-pound barracks bag 
(3 pounds of clothing per cubic foot of 
cylinder space). Hydrocyanic acid ap-, 
pcared slightly less clfectivo, followed by 
acrylonitriic-carbon tetrachloride mix­
ture, trichloroacetonitrile, 1,1-dicldoro-l-
nilroetliane, ethylene oxide, and chloro-
acetonitrile, listed in the approximate 
order of descending efficiency.—4-5-43. 
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Linseed Oil Soap—A New Lure for the Melon Fly 
M. Mcrn.tit.. U.S.D.A., Ayr. /1dm., Bureau «/ 

Eutomolo^ nurf I'hul QuarmUine 

Fruitfly lures are frcqiietilly used in 
scouting for flics in tlie field or as a means 
of foUovs'ing the progress of field invesLiga-
lions. Consequently one of tlie projects of 
the Bureau of Enloroology and Plant 
Quarantine includes «a searcb for more 
I)o\verful lures. This paper records tlie dis­
covery of tlie melon fly lure linseed oil 
soap, c.Ypcrimcnts to identify the attrac­
tive component of the new lure, and some 
attempts to control the melon fly (JJaci/s 
cwci/rhitae (Coq.)) with the lure. 

and is usually referred to as the "rever.si.il-
pairs method." It has been e.vtenslveiv 
invcsligtiled staLi.slieally, first by Donalij 
F. Starr at the Mexico City lahoraiury 
and more recently by ICam Hu Laii anil 
the writer at Uie Ilonolulu laboralory. A^ 
the name imjilies, the method consisLs- in 
pairing control and lest traps (usually \ 
feet apart) witli reversal of positron during 
a second exposure. These traps are il 
lustrated in figure 1. 

Some uniformity data by Uiis nioUnw! 
are recorded in table 1. In each of llu-sv 
tests 30 pairs of Imps were baited willi tin 
same lure. One member of each ])air wux 
designated Uie control trap and tlie ollar 
the te.'«t trap. Tlio ratios obtuiiied inclinlr 
a maximum error of 1(5 jicr ceiil. Tin 

Table I.—Uniformity data obtained by the 
reversed-palrs method of experimental trapping. 

Fio. 1.—Glass imp used for LcsUng lures for the 
melon fly. Photograph by R. U. Marlowe. 

EXPERIMENTAL TKAPPING TECHNIQUE. 
—To compare tlic response of the melon 
fly to various materials in the field, llipley 
and Hepburn's "method 2" was em­
ployed.^ This metliod i.s now standard in 
liie Bureau's fruitfly lure investigations, 

• Itiplry. L. n., and ITepburo, G. A. Bludira on leacUuni of 
UieNfttnJ fruit fly to fermenlinp bnili. So. Africa Dept. Agr. nnd 
Foruljy, Cot. Mem. o; 10-sa, ilJui. 

N'C.MHEH OF FUFA 

— R.VTIII 
Tsftx Control 'J'c-.sl CoSTlll»t. 
No. lnip.s Irji/M Ttxr 

1 2,«2.n 2,25li O.fic 
0 2,207 2,54J «.«)» 
3 2,1.47 2,377 0.91 
4 1,884 2 242 O.HI 
.5 l.Olfi j!i90 o.w; 
fl 1,975 2,01(1 O.IIS 
7 1,80.4 1,8.42 l.Ul 
» 1,592 1,717 0.0:1 
0 1,320 1,303 0.07 

10 2,150 2,090 .. 
11 1,877 1,90} 
12 1,011 1,009 l.lKi "• 
13 1,713 1,8.41 0.9:1 
1» 1,190 o.cr 
15 1,312 1.220 1.07 

June lOJtS 

iiiinimuin uuinlivr 
.sure accurate rc.su 
lion. In the prosi 
pairs, u.su.aliy 2t), ^ 

TUB DISCOS Kji 
fur insect lures is 
blfiek proposition, 
of Uie diseovery « 
Hlrong melon /ly 1 

Since the melon 
fcnlnate on tlie I 
orchid, Denbrohiu 
WHS focused on th 
experiments, iii i 
raged flies to hlo.i 
l>fu.s'.sorns was ob.sc-
oblnincd, but it 
/lies only. Exjieri 
lowed. 

Ill the first expe 
were susjiemled i 
cent' linseed oil 
ngarn.st trap.s con 
M'hich in the.se c.\ 
40 grams of ca.sei 
liydroxidc, and 1 I 
was added Lo iner 
ily of tiie water ni 
captured flies wov 
Tiic results, whirl 
jiuggested the pres 
formaleflic.sin tlic 
tug in this respect 
pcrimenUs, but tlu 
Iraelion for fcnii 
traps. 

- Table 2.—Casein h 
ponded in traps ovc 
loap solution. 

LUHB 

Cnitcin 
Orchiird bIos.soni8 1 

In a second oxpt 
tract of orchid hi-
|).2 per cent lin.see 

b'" run against casein 
f4.« >. These resulLs nir 

' ITf' in<}icate<l ilrtiiglh 
•II wjA'O if'JL'tinif.'I'f f"!' 

MfTiH-QUUlSO. 



Reference # 27/1 

Location f^ C^-J^-^/9<-i'U-^ 

Number of Replications Plot Size 

Time and Date of Application Ui^yje^ TTLM. 19^1 

Soil Texture \fLuA.yJyi 

Soil Temperature 3/)^F iOS^F 

Soil Moisture LLIAA.,.VM 7^ 
7 if 

Other Soil Conditions 

Crop (Variety) 

Chemical />-r\e 

Method of Application 

.ac^JUJ? 

Rate ^ !b-LU\A.Cru) 

b~C.ly\yt 6-t^ <^t7t>C^Vv U.f~SL^ 

4**» # 

««« « » • • • • 

V u«<vr 
« ft» 

«« M « w-v 

• « »« 

..:T 38 

LVW/lkV; 2/10/78 
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C?7(AV" Z*?^' /^O "• 

METHYL BROMIDE AS A EODENTICIDE 
By c. 15. BBHUT, DIairlct Siijiurvlsior o^ Rodaiii and Weed Uoiilrol. 

SliKe Oouiiriineiil of Agriculture, Snoruineiiio 

N ADDITION' to llie daiiiftife which thoy do to uirrifiiltiirc. .SCVIM-.; 
•spceies of vodcnts in Cnlifonn'a hnrbor diseases trtmsinissibh' j. 
hunntJis. Tich.s, Jiiul flca.s or I't'ctniu other insects, may serve 

cnri-iors of ihus'' (liseiisc.s from rodent to Immnn. In rodent control work 
iiietlK/d.s linve liecn Pinployed wliereby the rodents have been kilh'd 
I'til not iilwiiys the insects hiubored by iheiii. 

M' 
TOt-

UULLE'l'IS--nilHAIfl'.MKVt' "'F A'.ltll ri;i i;i<K 

10 15 20 25 30 
t- i . I ' 

One d«Ai^/Bn\ak_ 

0t\4 jtftd w&lc 
(Oulfll^e) 

iH& 

'c7i5 la^ecrts 

•| Ot\i die-dySmaU 

VsVf 

v-?., 
65^ 

' 55' 

4jfr 50 

,•-A •. • •. 
•>J'i ''' ' 

Ol*ff- /Vmall 

One dead tnale. 

V__ diid IIVNU-. 

Oi\4 dead /erwJe _ _ 

Otve dshJ iTuJi. 

etwo dead 
't UM 0^ l3V0tJ«4 
'One diad meia 

tUl Irngrti (/"burfov/ 'dt ft. 
VdvuT-a too cu-fr. 

1. S'UloliQ valvCft Willi nionaiirtnK Uisvlco tiotwcon— 
"riKldiil iipiiHcatur, 

.Vt.i- 'i 

Tin; tcsiilis of expcriiiiuuts wiUi methyl bromide in the control "• 
insects by fumigation, contlucted by the Entomological Service of tin' 
California State Departincut of Agriculture, led to the belief that thi^ ^ 

nossibilities In rodent control work, aU'^ 

5i- + 1 

0. t-

0 5 10 
Fio, 'i. Diajrrain. 

ftojtr.'jinbfUd-rytp iepiitik.U 

10 15 20 25 30 
txcaviucd colony ,hos^-niyof burrowi. «xca>ivu.u o ; ureas. 39 
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n period of a little over a year, tests have been made under diU'crent 
teniperjitures, types of .soli, both dry and wet, and in different pans 
of the State, to asccrlaiii whether these possibilities would work out 
ill field practice. 

MiMliyl bnunide lii'i'i'tiil'nr.- has boon nsr-d mainly in the nninu 
fiiolure of analinc dyes, ami in some Eu?.*opean countries as a firi. 
extiiiijuislior. It is non-infiammablc, colorless aiid practically odorless. 
It wei{,'hs 14.4 iiounds per [gallon with a specific gravity of 1.7:12. 
The boiling point is about 4U.1 degreesJjhdirenheit. At ordinai-y teni-
jperiiLures molliyl bromide is u gas, flmSudrnTd'-ofr^vlu 
iiubieioBt and is iippro.vimately :1I times heavier than air. 
JALUittudi«aiiaHs\vtiiis«^>2Wubiauierditiiet.aiJSisc 

Tlic first tests by the department with this material for rodoui 
control pm-poscs were started in Yolo County on November 20, ]03fj. 
The soil was of a-alft}*- formation, and cracked. Ground 
siiuirrels were very active for the season of year. Temperature ui 
time of application wisMJoWloifrees. The applicator coiusisted of a 
.Muall .steel cylinder n'ltli a measuring device between two Globe valves. 
(Eig. 1). This applicator was typical of devices which had been used 
i(j field trials with a variety of fumigants by the field representative^-
of the U. S. Bureau of Biological Survey and in cooperation with the 
Department. 

Five hundred and sis (506) ground squirrel burrows in Yohi' 
County were treated, and of those all but 60 were closed by filling 
with .sitll. Pii-hs woi'G usftl tn provide loose dirt where the "•roumV 
was too iianl for quarter (GG:|4) pounds 
of material were used, iirgr On tJic 
iiccoiul day alter trciilnu'Ut ilnj uri^tTvcrod burrows "siiowetl 2 activ 
sipiirrels, and no .sfiuirrrl.s where the burrow,s were closed. The 
iijumi'd bm'row.s were ri'-irealcd ami closed. !. 
iiiTceted skunk wciv found at (lie entrance of two iiartly oijcncd 
burrows on the lil'tli day. The skunk died one hour after being found. 
The jiliiL was elicekcd daily uulil lljc rain.s of Dee. 12 and no hole.s 
w.-re found oiiem On J)ce. .17, 5 burrows were found opened, all 
ai»prii^t.lyJk'unLl]i^Qldsi(le, am! at the entrance of two of the burrow.-, 
were Tiiero were no sign.s of any ground squirrel 
uetivity elsmvliere on Uiu plot, although these rodents were activo'iii 
iidjoining fields. 

Five plots were Irealod i-a.sL of Delano in Kern County durinp 
III"' [H-riml fhini Di-c. 6 '» \A, using tlic same applicator. Tem|ieralnres 
\jiiii'.l bclWfi'ii SS2niSH!5!33nitTrFr^(16^ I'kihreniicit. A 4-root Ik 
lii'-h copper fulling vas used as ii cciincclion lu-lwceii the a|iplii'uliVi 

oyil«JnirriiWs. Tim .soil here consisfeti 
Five hniulrod lifiy-lMiir (ofi-t) burrows were tn-alod. usin-f 

11 { poiiinU ot inclhyl iiromide, (,!• (m avci'tigc ,>r*0'tVirp^ 
IdlUcnliy vns enciiunii'reil when llie tcmpnraiurc dropjie«t 

Ui r,(} deun-.'v F. Ill' I'l'low, Tim nuiliwial uotdd frec/.c ami plug np 
Ibc lubiiig. Win u llm miisidi' ii'mii.Toln.-e appninchcd 30 degrees F 
tin* cylindiM'.-. were healed HI n itili of water, and allhougiriho gas 
would free/.c us hOuU as it ivaelnnl llm ground, o.vecllent results were 
ohiained. pver a period fd^^days' cheeking, 

.viuirrel 

am 

Bl'U.ETIN'—OBt'Ain'.MK.VT 

h'C ^nmfir.g .r definifc 
-.^'uncertainty as to the dosage. 

By this time it became apparent that a more satisfactory appli-
i^cator woidd have to be perfected. Tiiero ."ecqicd Ijttle doubt as to the 
.Rvalue of methyl bromide as a rodcnticide, sipcc'rt.s Y.ol^tilc charaeter 

under ordinary tcmpcratiu'cs gtive ade([ualp pi^-^-^nre to firce tlw 
>i^/inaterial either in the liquid or gaseous fornrh?lfr':hc inter,stie.ia of tl.o 
Opburrows. The handicap of tube stoiipagu ami leakage were the thing.s 
Vindicated for correction. 

'fr • 

# 

Km. -J. Maokle-f'iiriCT .\iiiilli:ii'i 

Field Tests In San Joaquin Coiinly 

•k. Jit ihuMQ Icaia iJic m-lclittil ntuilienmt ttas "ii". l • n- l u l.MT, >; li.in' 
..W- southwest of Stuclctoii, culontca wfri* trtii'cil an foMn\v.». U » Tlir».i* Dtirrow.s wieT'-
.'i-3 s(|uirrf;l.s tvorc teen to omer. (O .V luliiiiy of T <0 ;'n f»'it fri«m il.«' 

flrtl colony. Auproxlinalelv IHO e.c, oi nintli.vl lii-jiii.e. 
v/erii uted lit tlinte. 'rimu 2 ii.nt., witli U-niiii 

f- outletn wera closed. 
(>ti .tiin. 2t, thp holes In the uh<>\i' 

' dllK^ util with thi' tiM; tis IlK'lt rtiriii : 
-v. cuuiii'r.Kloii of Ihf cuiiiity iii.'riciiltiir.il 

I' 
n'o ili.|;i to s K. All 

c 
I ull'lll. " \t< »'• || 
ti;ti' u'lil 

I'll .i';d Ih" l.niiiitt!' 
fi.f U'lOltuh till" 

•.i.i-tv- Wire r.i'i'i'l 
I'll (iliitf iivi..|'>mli:t? C 
i(. w - uii.itw^wna* 

' ?iiMlUlUllail*wi'r(i fntnidi encti In A si'intnito lii'i*t. : ix l In fritni uf oat h iif't 
iU' Uieru wna a plUK uitproxlmaiely 2 fuel Innt: 'I'hris.- of tlii'Mt 8nitltTfl.s wiri'o futind 

In a natural posUlon, as ihouph relaxed and iisleen. One was fiiuiid In a posU'.nii 
dcnotlni; hlliornMlon. All cqiiiiTPl.s showrd sipio* ot trnthlnp at the mouih, ar.tl a 

U. prccnlsli liquid e.Tcrcmeitt or feces waj» noted. Tho nesi.s wcra at an avcraKc dci'Ui 

I lJluii,;i..l Willi .straw Mini illVl .it an aviT.iei, di-ollt nf I'i !• 
>. teel loiip and aliiitu feet fiuin inntitli of l"ui II. 

r'HiirnnrnTi' 
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iTf .1} fool. Tlirpo nd.iHlni)i\1 net.* wofo tinofoiipto'l. Nn foort L'iii;hr.i wore fnuml 
1» nny of il»o burrows, nlthodKh uinny woro burled In Ibo lop soil near Iho burroiVf, 

Sample..! of the loose soil in Lho dlfleront nmways and parts of Uio nowt 
mslerJftl, parUcuInrly of the fine particles In tho bottom of (ho nest, were talton liy 
Dr. M. A. Stewart of the University of Cnllfotnia at Davlg to. dciermlnft.. if .tbo 
Mens i\n^Jlen-l(trVuo-hair been l{|lloa"by:-tho-Baa^J3r.'^atetvart;Toportfld Jatec-tliatmiS' 
live ficas or Ilcatlarvao WBrc-tound,~OrIcHiltn.JlQW:b\!EiCi»fl8"'ahdXSlltornTurTlMDilinf-
•were found dead In tho 

' tv.i.s continued on the second or 7-ho)e colony. N" 
Krounil GMUlrrois, ciilicr dead or alive, were found, it developed that thcsn twi> 
[.oluntcs wore connected by one tunnel, which was plUBBcd off In two dllTcreni 
places. Scvcrnl nosts were found. In the afternoon of tho same day there was 
located a colony In tho samu Hold where C squirrels wore observed entorlsiB, and 
lliis ircnteil with methyl brnmliie, closlnnr ell of the 7(1 hole,?, xiHlnit ani)rnxlmni"lv 
l.t c c. per hole. The totni'ntmt(tVn^nlR''£IO*yoRrooHi.3V»TS5'ho area covered by tho 
eiilony WUH <0 toet wide at one end, 30 feet at tlto other, and B5 feet long. 

On Januurj* 2S the holes of the 76»holo colony were uncovered at 8 a.m. A 
trench tvas dup < feet deep, 3 feet wide, and 40 feet lonpr adjacent to tho -lO'tont 
sldu of the colony. Twelve transient liihorers wore used, six on the trench sidn and 
six on the opiiosUo. or north end. A very Intricate nyulein of burrows wan found on 
the trench nidn. Jtunwitys were at a deplh of 21 to 3 feet In one system, with 
another net below a sort of hardpan soil at a doplh of 81 to fj feet. NosLs wore 
loiinit In IHJUI R>Tjtniufl, which wore connnctod In many places. IHugped runways 
were found nuiinly In the upper system. The ay.stem on the north, end was shallow; 
In fact, no runirnys were fciintl bolow the 2-/oot lovcJ for a lUstnncc of abottt 
30 feat. 'SUvastdfliul«Bqulr.r«lnr.6.Ljeinalosainnd&dsiinule). wore found at dnntha of 21 
to 4 fecL Tho females were found In or near tho ncstn and the male In the runway 
near the cnlntnco. Two of the females were plugRCd In; the male wan not. 

D'JfBlnic was continued the next dav, January 26, andvtwaal»ail«uiqulnii*l»^'oro 
found, I male and 1 female. The male was In a neat In the hlbornatinu fltngft.nnd 
waj! plugRod oft from the main runway for about 2 feet with dry soil and straw. 
Tho female was found In tho runway Just ouialda a neat. 

Merced County Field Teste ' ' 
In making excavations In Merced County. tlirouRh the caoperallon of tho 

nprlcuUural commlasloncr'a office, mon wore made available cither front the com-
mlosloner'a staff or from a hTnllonnl Youth Administration (N.Y.A.1 project operat­
ing under the ^ponsornhlp of the commissioner's office. 

Plot 1. Two mllcfl West, j mlirt north of 121 NIdo. Feb. 16, 1337, 3 p.m. TeiN-
pemturc 'U.^dc«rQe*.tj!la«-flolhFfl8j:(io!rrBeu.-^3,,>:3,8»l»loh®p.J^fCp. Four bnrrnw.a were 
treated wlllr»40xM!;3&Cflmlfl05roan«holo i 2~eouTrreTa were oosorvcd before trcatincni. 
All of the burrow entrances wore closed by fUllntf with earth. 

Feb. J7 dlRglnK started nt 1 p.m. All hPlos unopened; 2 were nhipceil nh"Ut 
21 fof-l from opening. Hardpan whs found from 21 to a 4 foot doptn. Two 
xvero found at a 21 foot depth on top of hardpan. t&HusulaBAeiiquiilgqiM 1 male nnd 
1 female, were found lu open runway, both In normal poslilons. 

Plot 2. Same ranch and tompnrattiro tia Plot 1. Fob, 10. Seven holes were 
treated nt 3:1C p.m. wlthefiOiamnrabrQinltiP! all holes cloned. No otiulrrnls nb!«efve<l, 
althouch BUrfsee of burrows ^mwed frcHh wcrldng. 

Feb. 1" all holc.s were still closed. PlKKlriK started at 11 !1B a.m. A complete 
system found above hardpan at a depth of 18 Inches to 21 font. No nests. Anoihor 
sysJernj wUh 8 ncsis. was fopnd under tho hardpan from 81 to 7 font depth, altixost 
parallel to the uppcr-j^ystcm. Two old plug.s wero found near the nestn, hut mac 

«miJtifrolitmvflt;e«Jn:RSUtdftnoeit. 
Plot .3, —Kch. 10, 8 *.30 p.in, ."^iime ranch nnd lompmaturc a.s plot.s I and J 

fine Bcmlrrftl observed prior to treating 6 holes with •fe<tax!.o^ropih}o. All btirrnw 
entrnnees clo.ned. 

Feh. 17. 11:30 n.m.. started digging. Two nests wore found at 2] and .31 foot 
levels. iTmWWYmilifialWOWIfWd'TIWfl'dKihtndritelctnnlxpKiBwfliefoRUtrometiOenlnBe; The 
i»lUK nbparently had ju.st hern made ami the squirrel died while plugKlpg. 

<MUiiaifnDntlalm>ankonMltfJ4Riyaj^«,Kfit«bMlei>P and IS feet from opening nenr a nest. 
|i shnxvrd annie life, hiiT^tTreii In a very few minutes after being hrought to the 

.r>t 

Stjrfare. 
Plot 4. —Dlieb Cotnimt*y -.3 v. ...... 

I-Vh 17. It a.m. TreHled ,1S boli-s with«ljtt^?gI^brnmldfmRTeirLnerntlire 62 d'-grevH I 
-'lit 30 iIcRrei'M K. at 20 lurh levil. Two sijinrriils noted Immedlutoly 
• r.*;illnff. 

!• t'h 

land, 3 miles north, 11 miles eaat of Amstcrjlam 
-. • xrevH 

prhir 

.. 1.4. P n.m, started digging Txvrv hnlc.s had been opened, one dead imib 
squirrel p.artly eiiten by a hqwli wits lying 10 feat from opening. The •noil was v«>ix 
"fniflv ta a ticfitb of fi feet, tvbere hardpan was found. ««^lead<unftl«axttad!3ll«fiH^ 

,AAiiUBl«ii*a«»eMMfauuiUln«iiAHLs; 1 female was dellnlti-lv in a hibernating positinn : il" 
•aher in the sntne posilloi. except for the tall, which might have been disturbetl u-
iltggln;?. A total of '•> neai.s wtt.s found, one eight font deep, the balatico nt>oui •-
fret deep. One .IUIMI fvtiuile wiis found In an open runway six foot from ih* 
i>P»'t»lng, making a total nf'dlodbnlttBqnlPPnisRlnatho-iiplony. Plugs were foiiml 1" 
several of the runw.3y.s niri 2 hole.s pcre plugged itboin 21 feci from the surfno-

Plot 5. -"Hitch Company land 3 milts tiorth. JS miles cn.st of AniHtarrtaju 
.•<'eb. 17. IUST, 11 ii.tn. Teinpcrutltru OS degroc.s K., soil ^UOwdograsflWrF. at 2 foi t 
•cvel; 1.3 cc nu'ltiyl bromide used; 44 holes treated: 4 squirrels oosorved. (Fig'. 2 ' 

Fob. 10 Two holes found open, A group of 20 holes only waa dog out of the 
44 treated; 2 jlead-aqutrrclii-wer* found in tho same burrow, one about 12 incheH 
below the clos.;u Imlu tiinl th,. t.ther 4 feel lower, bclilnd a 12 Inch plug. One dciui 
male v.a3 found In >1 ntst located 51 feet deep under a rucky formation 25 fool thick. 

MlM.l.KTLS'-
• « « All 9 

-nKl'.tlt'VMKNT "K Aii|5I.i'i:i2rt7[tlJ ^ 
9 » 

vv 

A®;-
{\^lt.:wa.s hupoBslhlo to llnlsh Ibo digging on arrmint >C>pili yt Jl'o tuimelf^;:atjd 

A. Hli'wnrt at l'l"vl^. u* oboiu tlriul sipilnvls Innn i'l-" 
-^'j'Yand Plot 8 were sent, Indlealed no live tleas or Ih-a mrvne. 

,r « r. - '. r. 

• W: Tn, tlic monnwhilc. D. B. jraokie mid iJ.X'iiPtor nt i-io KitloiTio? : 
';||pgieal Service of tlic DepuvtnieiiL tlevelopcd mid con-stni'itcd i) I'CiS 
tnypc ui" appli'-'Jdor designed to <,MVO n moasnreri oosaffe of mbfliyl' 
Somide. (Pig. 3). The results up to this time Imd indicuteiL.tlitlUL 
fiKmRUcj:«dosagQr-\v()uldM>Eobablj^,sCa:^nd a stnndr.rd of 
•^^liurrowiiopeniiig-'ivas deometoroper.^ The now nppiicnloirwa'; Umlr 
.^^v^iBiTi'^ltfee-way opening nnct'tlisdlmrgc valve to jicrmit one eomplele 

and down throw of the handle lo allow (a) llie liquid to enter flm 
%Wcasuring gauge clmmber, (b) divest the measnring gauge chamber 
llot its ehargo; and (c) re.store llic valve, openings tn a closed position. 
SIshortly after tlie development of the above applieatcr, one of l.bo 
^{concerns distributing metlivl bromide developed an applicator (Fig. 4) 

3.wny 2-port rntnmprclal aitpllcntor 
being reinicd. 

Fid. ft. Hqiilrrels dead frtnn 
methyl bromide are goner-
ally luimd In above poaiure. 

bascil njmn principles sim-
ihir t.o the Macklc-Cnrtcr 
(levice, but witli most of 
the meelinnical oporationiil 
i'ealnres eiicio.sed within tho 
cylinder. "We. can refer m 
tiiis as the commercial ap-
plloiitor. 

Evn'V elVort was being made lo attain a perfection in appHealor 
•SetinstnictioM to obviate Icahiigcs of valves or eonnrelitms lo avoid any 
'^ihazard to opftrators. The spring IUK' -«'»""••• "ano.l reuuired otliti 
.^^'•odenl work to be done, leaving the 
i^i)t\vhen thoy were resumed in Pierced C 

and sninmer pci'ioti requireil other 
e methvl bromide tests until fall, 
County with a new series of plots. 

^2 different cpmmcrelii TCH »«' ,?ui oM^ ot ler. Used .Mackle-Carter 

-JIh'*" '^"Ijepil'^iT'.' Started digging Klot I. 
- adjiice-* *- " 

Ueeovcirod I dead fi-tnales and 2 mftloH. 

f AU 

'/I 
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» I ."iir, " ""{> - ""'"n toiunius najacens to i'jot _ 
rocoverort. Dlffglne not compJeteri. 

on Sent "" on swthot ranch house (Plot V) 18 aonlrrols obsorvori 
"nt iri»«. ^ rtiimt^ft adjacent to old liav Kinrkv 
h^on ?ic? Moclcle-Carter applicator to 7 pounds or 
7sXrc« P. Shi^l bromide Temperature 

SI shotfi^^lt^ Smi'nrtirl'^ Morcod. -1:30 p.m., trcnlod open hole 

rsif, ss:fj« 
;g.js 
nno.S*D In iJv?e sq"l"ela on wood 

, . ' . San Luis Obispo Cotinty Field Toats 

'il® coutUy awlcuUurnl commlaslonor, hlH ataff 
And"^hHpfns°?cMly ln\h?^^^ PolytccTmlc School. In excavating burrow. 

;l^ffere^n?arei1.^^n SaMls ObSrfaouSly.' YnVolTfmnL lasf o£ Sro" ff'i;' 

7n each burrow. Treated at 0:15 n.tn tomtVrnmr^ 
J5n 1? ^ta^ly small cnchca were found, ono at a depth of 50 Inchci Tim 

\rn?H«. ""["oroua cuchea of clo.an oats wore fouiul, Tlt.^ 
^SScd'^dth m® balance of the lloid ^vn>' 

/T.^ P'^''hildo and all holes closnd, Thall iirn-trcated nnta wero UMPA 
wo'iS?dend, areas. 

»reated"and\ll'hl^leI\lv?iprt.^Ml!^J'°f"' ®Aonslallnff of 33 holes, was 
This Mlonv wft» ?iAvfttn?i methyl bromldo per burrow wore iiHeil. iVL 4 .1 excavated and dlmernslonrt t.akcn. (Fir. t.) The totul lenrth ni: 
^he colon} tunnola^ F''''"P «• dlsplacomont of 100 cubic fen 
10 .16 ncliea depths of n 
raAJ of barlev and Uwouirliniir. tho system. Numerou.-r.-vcnee Of oariey and manv old and nrw ncsUi also worn found. 
nnstiiro nim m-aln and un Fir "burrows S miles west of Snn Lul.s Olihspn, In u 
fvcro uicd *_SikXl^«^^ 't" V' nmthyl hromldo per burrow «tro U.1CU , •ammiryaiirAnicenXRilanat temiioraluro 70 derruc.s P at 4 n m nudnrvii. ^2.- Y'C. nuTs. 
«UBneat%° mlnr \wo afF''''''''''' ®( ^bo California Polytcclinio Sehnoi 
rtoaact hoiumim^ihft Cn syntshronlxed with a nie-isurlur cylinder for 

Yuba County Tests 

s aU-eS Icvcn Vrnlk ^.dilcma® m'"^0 hurrows was treated .m H •itep ic\cii unnK lujjQCOtit (o a tow of lark'u KiwUtih walnut wfuw •MMIH 
Uoh^Hh^ea Vio^llctrv^* y apullmtor. T^tur oh.sprv.^ 

A;^^K?3=s?^^^sll!7mlgK,«;1,g^s a'=,,s;si^ •» '•• 
Santa Cruz County Field Teata 

isrlo/fromVmi''1n"to'"Q ''la Inspectors, diirlnc th, 
nnd ex^lTl«^ ThP a.wiV " P'"? " ^'"0 treated 8 mlh s west of Svalsoi'vilie 
rrran.r^ en JL'_ ' ^ •-I'ori \'.alvr aiipllcalor was Hrf.id. Weather fair tr-m-
was foi?nil In OOP ^ '{"/ O"® "'"'c s'lulnvl 1 i rt - ® F ? .. V ®"® female In tho oihor. Tn Plot 1, 1 salamander, 
npu muWi-c.1 tff nmn ^ '^1®''^'' ®' in«he.n, all dead. In an old 
f-Jnd (.NroAjcinofoptnue latclxaetilua) and 1 tick, all alive, Were 

nULIiETlN—nnPARTMKNT (iK Alin*(»lil.'!l|-IM-: - W 

Dalh-J^nanrh ^'pfA nppllcalor. 7 pounds net. to treat 173 holes cast r.' 

cantuppl?S>j?rt OiS'^nulrrcl emorred from a treated hole, was 
'' v?5ti5nt4ll^ ® ^fi®«v6rod ^^oaa!:foa7bflrm(ffi-(LTtflnitiroifl4hn4^ 

continued dlKBlnr Plot ITI. No dond squirrels wero found. Intrlcn... 
mappTnr^ dopth wa.t foiiiul. Duo to siftlnr sand was unable to cnniiini.-

colonies adjacent to Plot lIL-taJtaaoCtttttRl'deattSfttftltsianH • .<u!inaj(v..£aulcccl worn mnnvpniH TUfivln.. i.M/iiu«4i»»«,nn 

I :Sk 
• M .A. r. « « 

•4',-' In plot i, 32 millepedes, 2 cnrnbld liceiii'.s. 1 rra[h inn?!'.', 1 ;i..c.i.'t tcorphrs, 
•li' 1 sow bug and 1 spider were found dpiid In iirstK. ''j'Cli, hnlrimK ibau? 
^ 1 quart of oats, were found off the main runway at a iliniauus of niioui 3 feet .Inli 
iv at a depth of 45 Inches. Another cnrhe eontiilned mora than a r.illon of oats abuui 
t:V-.3 fcgt farther on In the samo ninway. 

On a plot near the 55anM»VUiiw» '.u-r- un a piot near ine aanm^uzwnB^fwiiifwi;—t- -itwu. io... 1 -^o-" • 
'•isL5aL'tfilBndtiiaee«Kndi*liA»t0tiBaiwitlU*n*«ut}MyitU'4i»»6*«tiuL »A,be Jlofoue it.ls -b c.c.. '"C-b>i 

i'^^Tb^mdo: 8 holes were treated. Both douhlo 2.wny and slnrl" r..w:».v %-aU-e applk.Mors-
'^vwere IraklnR badly, so tho doauKO probably was actinlly between tu anil lo c.e. nor.j 

'KT V C 
•I'-^r'bromldo was used. 
'fi, 
•^y' • Effect of Methyl Bromide on Rats 

In spite of tlic fact that it had been iiupussiblc under fielcl con-
j?; ditions to observe the cft'eets of inetliyl liroiuido on ground squirrels, 
'I^Lsome idea caa be gained of the effccls nC the material on rodents, 

tKrougii observations made on rats by D. B. Tiraekie and W. B. Carter 
«p-of the Entomological Service. These observations iverc made in the 
#'laboratory under conditions simulating a burrow by utilizing a large 

glass jar. These observations follow: 

'RAT No. 1—Adult Femnlo 
Welshl—12. ounces. 
Dosage—GHiBr, 1 cc per cu. ft. 
1st mln.—Signs of drowalnesH apptirenl, head droKp'^d, eye. half closi'd, 
fith min.—Powcr.1 of locomotion irnpiilri'tl. RnHplnUi'm rnpM; hrcntliine, .ipafl-

niodlc: .1 Bficond.H rnnld nnd 5 secondft slow. Lying nn .-^Ide. I-eral matter 
•deposited (cnn.slderiinle). 

fith mln.—PulsatlonH change from 3 .swonda rapid and 6 (|iilel to 3 and .1. 
fith mlm—nestilrntion vary Irngulnr nnd nijiid. Tlua mndUion conlinuMl to 

42 minute.s, when, without nlowlug d'-wn. hc.art O'dit.ii Moppoil. 
42(1 min.—Doftd. 
Both urina nnd focal matter wore dmoharKoil durlug period. There was nifo 

mucnuH dlHCharKC from noxo niid mmiih nnd a wafrliu.' of the eye. 
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RXT NO. 2—Adult Malo 
Weight—13 ouncnn. 
DoBURC—ClWlr, .5 cc per mi. ft. 
IHI to filh min.—Rat walked hnok nnd forth, showed no «lgn.4 of noticing pan. 

No AKlldtlnn. SmcHcd varlouH piiria of Jar. 
ntlt min.—Head bngiin to droop nnd rycH half clo-od. Signs of drnw.slnoHs. 

Quiutiy sluing at end of jar. Sliows cvldmtci- of ncrvouxnexs. 
13th min.—Savernl .snusmodlc breathing spnlla In niititr'j of short gaspe-
t'Dih inln.—Telephono hrdl invnkfiis rroin letharg!'* xiaic. W.nlltK I'-ngth of jar 

—3 foot—locomotor nci-vch nffccled. 
31x1 min.—Mycs wutnring slightly, glassy look. sc niUtgly drowry nr l.-iliarclc. 
Slst inln.—Hri-aihlng einisniodlc with perlrullc ua^px. Lying on xlde 
3:iU min.—nreaihing xpiiMii'idlc nnd raphl xnce.'XBlon 
IfiSd min.—Moviol head slightly. Myns hllnkinu at Irrcmiinr Int-rviils. MaUi'x 

effort I'limgi' pOHlilon Lege seem panilyred, .Moves head xllglitly. 
llltli ruin.—Uivatliing Incgnlaf ami xp.ixiiioda* .Vn«.« iMlich.x sbghity. 

hllriking of i.yc.t more nolle iiht"' IMxi-hargo nnh- and mouth. 
12fiili mill.—ronvulsh'113 of abdomlit.il miixoh-x aln-ui cv(;ry .Ifi .oeconds, 
Htird min.—Cnnviilslons mcrraning tit faiddliy hut not iotilieli.v. more "iT.ttlo. 
USth min.—Urcntiilng ircp-icil atid ih iith .ifmirri d 

Both tiriim and foriil maiter wcrit diHvharg"d, thn latu-r iltirlng flrxi h«>ur. 
fotrmer during latter yart. seemingly due t„ yir.tl.VMn of ci.i.ti"llliiR m'»xc.i-x 

In order to be certain that material of a character as lethal as 
metlivl bromide is surrounded with adequate safeguards, all further 
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tosts have been postponed until greater assnrajjce can be dcvclopfd 
timt applicators and apinirtcnnnt valves and connections Asnll not 
leak and subject, the operator to an unwarranted hazard. It- is 
intended also to determine whether or not a warning feature can be 
attached to inoth;,'l bromide through the addition of something pungent 
or acrid in charactor to serve as a tracer material. 

CONCLtJSION 
itfethyl bromide has proved to be effective in the control of rodents 

Hs well as'thc insects harbored hy them. There is no danger from fire. 
It can be used in we.t or dry soils and at various lemperature.s. 
'-Mthough at present the co.st is high, it caii be used where follow-iip 
or cj-ndication measures arc being carried on and^ around building.s 
wliere there is danger in using treated grain baits. It should be 
u.'^ed only under proper and adequate .supervision even by offieial 
HgciK'iea having a trained personnel, and should not be made available, 
for general use until further safeguards have been eoncluHively 
developed. 
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Reference ti /_j^S 

Location Uvlit^U^^ ^ C6^V7h2^.^yz./~, .^jtfVXjy , / 

Number of Replications Plot Size 

Time and Date of Application 

Soil Texture 

Coil Temoerature 3^ F 

Crop (Variety) 

Chemical 0^ % ) 
c 

Method of Application £t<A^O).i4 c/t^L-U. 
T T . . *7* I « ^ T7 f> F t/<<.I*. L.a. _ _. _. ^ vs _ w . / 

£9/3-5"^. O'Fj }.0j '2..0-, y.oM^J/^o^/ 

TABLE I--TUB EFFECT OF VAKIOI'S L'OVCKNTKATION'S OF METHYL BHO-MIHE 
ON THE SURVIVAL TIME OF WHITE RATS AT 52 DEOUEES F 

TicatniEnl (Poun'Js IMT 
1.000 Cubic Feet) 

<).SU 
O..VI 
1.00 
1.00 
2.00 
2.0(1 
4.00 
OiTiltol 
Canlfol 

Set .'Hveia^'c lime to kill (Minutes) 

Female 
Male 
Female 
Male 
Female 
Male 
Female 
Pwnnlt 
M-ile 

Hid 
•Jl-J 
ua 
J no 
110 
135 
76 

Kot OcnO aher 4 hours .at 32 devreea F 
Not r'eail after 4 hours at 32 ilwretv F 

TABLE ir—TnE EFFECTIVENESS OF METHYL BROMIDE IN KILLING RODENTS 
IN A SMALL STORAGE ROOM AT 32 DECREES F 

Trial 
Treatment 

Species Number 
of Rodents 

Per Cent Mortalit/ 

Trial (Pounds per l.CXDO 
Cubic Feet) 

Species Number 
of Rodents Age 

After 
4 Hours 

After 
2 Days 

t 1 pound for 4 hoim 

air drculatiun 

W)iite mice 
White mice 
Meadow mice 
Pine mice 
While rats 
White rats 

6 
3 
4 

C 
6 

Juvenile 
Adult 
Adult 
Adult 
Juvenile 
Adult 

100.0 
100.0 
100.0 
100.0 
100.0 
iOO.O 

100.0 
100.0 
100.0 
100.0 
too.o 
MXl.O 

2 ^ pound fnr 4 linurs 
•F 

air circulation 

White mice 
White mice 
Meadow inier 
tVhIle rats 
White rats 

4 
5 
3 
5 
0 

Juvenile 
Adult 
Adult 
Juvenile 
Adult 

100.0 
100.0 
11)0.0 
ino.o 
o5.il 

1 

3 ,tj ptfund for 4 lioura 
no 

air circul.ition 

While mice 
Meadow mien 
Wild rat 
White rats 
White rats 

3 
2 
1 
3 
5 

Adult 
Adult 
Juvenile 
Juvenile 
Adult 

100 0 
.50.0 

100.0 
0.0 
0-0 

llXMI 
100.0 
100.0 
100.0 
100.0 

4 Ointrol 

Wiilc mice 
White mice 
Meadow mice 
White rat* 
While r.ats 

3 
4 
2 
2 

Juvenile 
Adult 
Aiiult 
Juvenile 
Adult 

o.cv 
0.0 
0.0 
0.0 
0.0 

0,0 . 
0.0 
0.(1 
(1.0 
tl 0 

44 

TABLE HI—THK PKR CVLVT MOIIT.M.ITY OF H(H'LM.> PI.'.ITD IV A.COM­
MERCIAL roi-o STORAI.K A.VII StHfEtTFIl TO V'AI'CrRS OF Nt'TI^L^ 

JlwoMiOE AT 32 OECRUFII K 

TreatmcW 
(Poumli jwf I.OOO 

Cuhie Prrt; 
Species Kumhcf of UflyiH 

_l. 

K pounJ for houn 

LVW/lkv; 2/10/78 

White n-.-ce 
While mice 
UTiitc rats 
White rati 

10 .rlult rules 
10 alull fen atct 
12 adult ma'cs 

G adult females 

u Per Cent Llortclity 
s ^ After* •(> Uaurs 

Trc.iiincnt 

100.0 
llVLi) 
11)0.0 
100.0 

aai>etijiUEi«viL« 
/ 
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Sonu! Trinls With Wclliyl Hroinidi,' :is n Fuinigaiil 

for l^odonU in Cold Slorngc.s 

Hy V. \\'. SouriiwirK. L'tih-rrsiiy of Councclinil, aiul K. B. 
Sciiri.ER. and G. N. AI.I'AUOII, I''. S\ /'isli inui 

fl'ildlifc Si'rrice, Slo/rs, Coun. 

TnEanmial loss of apples in common and cold storages due to the 
activities of rats and mice is nndonblcvliy large. These losses often 

occur in storages of rodcnl-proof coni.trnctit)n, since rats and particu­
larly the ntlcc, are carried ituo the storage with the fruit during the 
harvest season. 

Strychnine treated oats, car dully placed about the storage, are 
recommoiKled as a mean.s of controlling rodents. Balling nielliods, 
however, have not alway.s hcen elTcciive because growers often have 
failed to appreciate the important details of hairing, and under certain 
conditions it is difticult to e.xpose the oats where the rodents will find 

• thcrn. Consequently, the fumigation of storages is worthy of considera-
tion. 

When initiating this study it was obvious that a funiiganl possessing 
a low boiling point and "good penetrating qualities was necessary if 
control was to be obtained. Methyl bromide has a boiling point of 40.1 
degrees F. This material is so near its boiling point at cold storage 
temperatures that it evaporates and lend.s to diffuse very rapidly. It 
is also non-ln/lammable. The fact tlial it is odorless or practically so 
at many of its useful concentrations is an advantage because it cannot 
directly flavor the fruit. However, the lack of odor makes this materinl 
somewhat dangerous to humans whc may nut suspect its presence .t 
lethal concentrations. Halide detectors are available and can be used 
as indicators of the presence of methyl bromide. 

Sherrard (6) has siiown that the minimum lethal dose for will 
rats exposed to methyl bromide for four hours at 76 to 79 degrees F 
is ji pound per 1,000 cubic feet." In dairy plants, at 70 degrees F or 
higher, Searles (5) has readily killed white laboratory rats in five 
hours, using appro.simately ^ pound per 1,000 cubic feet. Since the 
temperatures in cold storages are coitsiderably lower than those 
employed by otlier invesligaior.s, a number of trials were conducted 
with rodents held at 32 degrees F, it being necessary to determine 
what conccnlralion, if any, would giv satisfactory control of rodents 
during a fumigation period of funn 4 to 5 hours. 

METHODS AND MATERIALS 

The white rats and mice employed were obtained from various 
lohonituries at tlw bTiiversity of Connecticut ami the Connecticut 
Agricultural Experiment Station at Kew Haven. These rodent.s had 
been maintained on non-deficiency tliets. Tiie other rtjdcnls wcr-
collected in the field. At the em! of eacli trial the animals were .scxcd,-
Weighl.s were olitained, immediately after each given trial if the ro-
deni'i. were dead, ot as soon as tliey had succumbed. The veiglit of the 
uhitcmlce ranged from 6.0 to 29.Bgm.s. the meadow mice from 22.7 to 
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Trcalmcnt (Po 
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Reference # ! 

Location Um ire/U^^ ^ , .'TTWU , ./ 

Number of Reolications Plot Size 

Time and Date of Application 

Soi"i~"T 

•Soil Temoerature 3'P^ F' 

-Gthc-r Sell Conditionc-

Crop (Variety) 

Chemical n\a~Hu^i &Lf.n'nljIc C^07>% ) 

Method of Application 
TABLE I—THE SFfEci or VAHIOI'S COS'CENTKATIONK OK ^^ETnv^ RKOMIDE 

ON THE SURVIVAI. TiME OF WMITE RATS AT 32 DECKKES F 

Rate 0,%Sj 0;S'j 1.0, y.o/6sJ/oo^'^ 

f 
Ttcalnienl (Fountls jirr 

l.COO Cubic Feet) fn-x Avcrayc time to kill (Miniitcn) 

II..W 
O.SO 
l.OU 
1.00 
2-01) 
2.00 
4.rx> 
Control 
Control 

Female 
.Male 
Fcinnle 
.Mu1c 
Female 
.Male 
Femnle 
Feinate 
Mnle 

l!H1 
212 
14li 
100 
no 
la.'. 

I f D 
Not ijc.iil after 4 hjiurx at .12 drsreo F 

1 .Votr'iMil after4 hmim nt 32 Oivrctx F 

TABLE II—THE EFFECTIVENESS OF METHVL BROMIDE IN KILLING RODENTS 
IN A SMALL STORAGE ROOM AT 32 DEGREES F 

Trial 
Treatment 

(Pounds per 1.000 
Cubic Feet) 

1 lyjuod for 4 lioiirs 

air drnilatiun 

}( pound for 4 hnurs 

a!r circulatio'i 

H pouml for 4 bnurx 
no 

ur circulation 

Species 

"While miee 
White mice 
Mt-adiiw mice 
PitiU mice 
IVhlte rats 
White rats 

White (itice 
White mice 
Meadow mice 
Wliitc rats 
White rats 

While mice 
Meadow nilcn 
Wibl rut 
While rats 
White rats 

Control 

Wliitc mice 
'.Vhltc mice 
Meadow mice 
White rats 
While rats 

Number 
of Rodents Age 

Juvenile 
Adult 
Adult 
Adult 
Juvenile 
Adult 

Juvenile 
Adult 
Adult 
Juvenile 
Adult 

Adult 
Adult 
Juvenile 
Juvenile 
Adult 

Per Cent Mortality 

After 
4 Hours 

100 f) 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
1D0.0 
100.0 
100.0 
.l.l.ll 

Juvenile 
Adult 
Adult 
Juvenile 
Ailttll 

100 0 
•W.O 

lOO.U 
0.0 
00 

0.0 
0.0 
0.0 
0.0 
00 

After 
2 Days 

100.0 
100.0 
100.0 
100.0 
100.0 
100.0 

100.0 
HW.O 
100.0 
100.11 
UiO.O 46 
imi.o 
100.0 
100.0 
100.0 
100.0 

0.0 
0.0 
0.0 
(I.U 
no 

TABLE III—THE FIR CENT M..hr,\i.iTV w Uiit-hxit; Pt At ri) IN .I CO-M-
MFRCIAI. STOU.M.K -t.NII SltHWlHl 10 V.M'ORS CK MlTliVL ' 

r.RllMIIrr AT 32 DrORLtF F 

Treatm-il 
(Pounds per 1.<X)0 

Cubic Feel) 
Spcc'cs .\'untl»Cf of lUelrntP " 

pounJ for S huur« 

LVW/lkv; 2/10/78 

While m ce 
White nice 
White ra'x 
While rats 

10 a latt m«lc« 
19 jdull females 
I'l adult ma'cs 
(i aduU femal.'S 

Per Lvv' "NPrMilily 
After .1 irours 

Tic;itinent 

100 0 
100.(1 
IIHI.0 
K.0.0 
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/Jmer. Mod, SciCMCc^ ^/S'- /3^'IV^ 
ify¥ 

Tri.-ils Witli Mclliyl Broinidt' ;is :i KuiniganL 
for BodcnLs in Cold Sloragcs 

By 1'. \\\ SournwjrK. I'lthrrsily 0} CouiiLrliciil, and K. B. 
Sciu i.KK. and G. X. AI.I-AUC.H, {•'. S\ f'ish aud 

Wilillifi' Service, Starrs, Conn. 

nn HK anmial luss of apples in coinin«)n and cold storages due lo (he 
JL activities of rais and mice is undoubtedly large. Tliese losses often 
occur in storages of rodent-proof construction, since rats and jjarticu-
larly the mice, are carried into the storage witb the fruit during the 
harvest season. 

Strychnine treated oats, carefully placed about the storage, are 
lecoinmendetl as a means of controlling rodents. Baiting methods, 
however, have tioi always been clTeciive because growers often have 

' failed to appreciate the important details of hailing, and under certain 
conditions it is difHculi to expose the oats where the rodems will find 

" • them. Consequently, the fumigation of storages is worthy of eonsidera-
* tion. 

• When initiating this study it was obvious that a fumigant possessing 
•' a low boiling point and "good penetrating qualities was necessary if 

, ' • • control was to be obtained. Methyl bromide has a boiling point of 40.1 
' y.. " " degrees F. This material is so near its boiling point at cold storage 
• • •* temperatures that It evaporates and tends to diffuse very rapidly. It 
•' f ; is also non-infiammable. The fact that it is odorless or practically so 
ir • at iiiany of its useful concentrations is an advantage because it cannot 

directly flavor the fruit. However, the lack of odor makes this material 
somewhat dangerous to Inimans who may not suspect its pre.sence at 
lethal concentrations. Halide detectors are available and can be used 
as indicators of the presence of methyl bromide. 

Sherrard (6) has shown that the minimum lelhal dose for wild 
' rats exposed to methyl bromide for four liours at 76 lo 79 clegrces F 

\ • is jri pound per 1,000 cubic fect.'Iii dairy plants, at 70 degrees F or 
. . higher, Searles (5) has readily killed white laboratory rats in five 

hours, using approximately jiound per 1,000 cubic feet. Since the 
• , temj)eratures in cold storagc.s are considerably lower than those 

employed by other investigators, a niimher of trials were conducted 
V.' with rodent.s held at 32 degrees F, it being necessary to determine 

what concentration, if any, would give satisfactory conlrril of rodents 
during a fumigation period of from 4 to 5 hours. 

METHOD.S AND MATERIALS 
Tlie while rats and mice employed were obtained from various 

lahoratr^ries at the Uitiversily of Connecticut and the Connecticut 
.Agricultural K-xperiment Station at New Haven. These rodents had 
been inaininined on non-deficiency diets. The oilier rodents were 
collected in the field. At the end of each trial the animals were sexcdi-
Weights were obtained, immediately after each given trial if the ro­
dents were dead, or as soon a« they had succumbed. The weight of the 
u hite mice ranged from 6.0 to 29.K gms. llie meadow mice from 22.7 to 
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Reference # 

Location /?)A« ̂ hu<p -^< (^O/Z^^CJ A/^/jet-s-h , /})A 

Number of Replications Plot Size 

Time and Date of Application h^AU j OcTohpr 

Soil TcMtur-c 

3^ers:l Temperature 

Soil-Mei-stu^ 3V°/-

Other Soil—finnrl-^ t-'' one 

Crop (Variety) 

Chemical Rate o./zr, O, zj- /)• {^ l.o IksjlbooPt 

Metho'd of Application pAytririUi'l^ CL^AJ-^ 

TAHI.1% 11—luiKT (IN .\vtMAi.s (ir MKIIIVI. MKHMKII: AT X'AKIUCS 
n('--A(;K> A'' SllOW.V UKIJIW 

J'AJU-K I—KFFFCT ON ANIMAI.S OF .Mr.'riivi. 
fiF 0.25 PouNi'S PEit lOOl) Cumr FEE 

Sj-ivin 

tim^e .Mouse, 
louse .\]»u>o 
Inuie Mnute. 
I'lusc Mouse. 

Chitq n.il 
I'hile Hi.! 
^Tiile k It ,. 
k"hite R It ... 

.tili'iit 
..ihliit 

btx Ai'e 

WhiU- Rat . 
Whitp Rjit 
U'niii- Rnt 
\viiitc Kat. 
U^ile Rat . 

HHOMUU: U.«F.H AT TIIF. KATE Jvilll! n^i 
r or Srt-K,tr.E SFACE : * 
-- —r- - - - —. -.. TVhite Rat 

• ^ Whit^ Rat. . 

tCims) , Rt-uliiniMn Uc itJi Hou«c M'-jsc 

.US i 

• j 
--J 

...i 

Feinalo 
Male 
Fcit'.ule 
Fcniiile 

Mdic 
Male 
Form'e 
FvinnJc 

Female 
Male 

Ailuh 
Ailuit 
A'liilt 
Adult 

Adull 
Adult 
Ifumamrc 
Iiniiatiiiu 

7 weeks 
7 .I'ccks 

' P.iralyitil ah>l i]ir<) 1 <]uy laU'r 

l.'l.ll 
l.T.!! 
I'll.O 
17.(1 

•.".IA.7 
:!sn.7 
112.0 
ID.d 

! Ibx, 11 (iz. 
! lliK, M OS. 

LVW/lkv; 2/10/78 

Guinea Pic 
Guinea Fie 

'UUKtlt pt! 

ri-mnli' ; 
Female i 
Milk I 
Mute 
Pcm.alt I 
Female 
Pcmnlc 
Female 
.Male 
Female 

Male 

Male 
Male 

A.-i 

('ii'.i. 

Mature 
Miiture 
linniatiiM-
Imiu.itiire 
Maiiitc 
Matiirt-
M.<ture 
M.atiire 
Mature 
Mature 

Mature 

Mature 
Mature 

Wci.hi 
t'iri sv 

Mjfoct I t. Aittin.iU 

I'ftl of Sp.!!. (m 

• Ih.'.O 
! Ul.'.S 

;.*) (I 
71 (I 

ir.4.1 
171.0 
1.-.7..T 
1»i7.0 
iii;i.4 
103.1 

I'.arulyzrsl 
, Ikatli 

lic.ath 
' ilriith 
i I'linilyi'e'l 
I I'anilyzcil 
1 I'arulv'.ed 
; Faralyzed 

I'.iralyztd 
I'.iralyzcd 

r> lluurs 

. ilieJ tn U':i« tlmn I2h'>iits 

ditM in less lliaii 
ilicd in less than 
died In lets thun 
died in leu than 
died In IM* than 
died in less than 

12houra 
12 hnurs 
12 lioiirv 
12 h'lurr. 
12 hnurs 
12 h<>ur» 

2.3.7 I Paralyzed, died in less th.an 12 hour* 

.'il.'i.t 
518.3 

Paralysed, diinl in less than 12 hours;. 
I'.aralyicd, died in 24 hours 

lIuLise Mouse.. . 

White Rat 
White Rat 

MtHilow Mouse. 
Meadow Mouse. 

.Meadow .Monte. 
Meadow Mouse. 
Meadow Mouse. 

o.is founds pi-r t.ooo Cubic Frfl of 5'ura(r Spect for 4 Hours 

Male Adult 2.1.0 Death 

.Male 
Female 

Male 
Male 
Female 
Female 
Male 

Adult 
Adult 

Ad ult 
Adult 
Juvenile 
Adult 
Juvenile 

21.T.5 
lDil.5 

40.0 
27.5 
17..T 
21l..'i 
11.(1 

Death 
Death 

Death 
Death 
Dciilh 
Death 
Death 

O.JO Pounds per i.ooo Cubic Feel o/.Vlorof ?,o.t/w t Hours 

W.hl Rat. 
Wild Rat. 

White Kat. 
White Rut. 

House Mouse. 
House Mouse. 

Meadow Mouse 
Mcvlou Fdouse. 

Female 
Male 

Female 
Female 

Male 
Male 

Male 

Mature 
Mature 

Imni.attiru 
Immature 

Mature 
Mature 

.Mature 
Femole [ .Mature 

IOO.A I Death 
370.0 . Faralvted. dici ih'4,hiiiys 

8(1.0 Death " 
85.0 Paralyzed, died n 1 ik<urs 

2.-.,2 Death 
24.(1 Deatn 

28.(1 Pariilyied. dinl h 1 Jynrs 
15.5 Death 

White Rat , 
Mlilte Kat. . 
While Rat.. 
White Hal . 

Z.D 7'ouiidi ^rr r.ouu Cu5i< Feet o/.S'(urofr bpatt fur s Hour 

Meadow Mouse.. 
.Meadow Mouse... 
.Meadow Mnitsc.... 

House Mouse. 
H'luse Mciuwr. 
House Mouse. 

Female 
Female 
Pemule 
.Male 

Male 
Female 
Pcmiile 

Mule 
Mule 
Femiiln 

Mature 
Mature 
•Mature 
.Mature 

Mhitire 
Maltiic 
Mature 

Mhtiire 
Matuie 
Mature 

2(14.0 I'arjlyscd. died tii d hoi;r 
18(1.8 I'uruti icd. die.l in lOmur 
2(I7..5 •Faruly.'.cd. dit-4 in 3 Imurs 
180.7 PaMtyrcd, diciMH<J>n«ilTS 

'w if 4^ 01# 

•lifl'itt SfiSuri 
24,7 • I'araiyred. ilisd in 3 hours 
17.7 «P<iV>Wzcil. dii-il in 3 hiiiirv 

21.3 Death 
24.7 De-ith 
2.'- n . lintlh 
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"fio.4i»A: 
McLliyl liromidc as ji Fiimii^anL for Hals anil Mice 

in Apple CoK! Storages' 

Uy ROUERT ?.r. BOKG, 6\ S. Ucporltticttf of /he Iit/erior, Fish 
and U'ihllije Sendee and LAWRENCE SOUTIIWICK, 

Massaehusells Stale CoUctjc, /linherst, Mass. 

IN recent years, rodents (rats and nvlce) have bcrome'pests of con­
siderable e.onomic importance in fruit and vegetable stomgcs in 

spite of the use of present control measures —^ poisoning, trapping, 
and proofing. A search of the literature revealed the possibility of 
methyl bromide as an efrectivc fumigant to use in fruit storages. 
Afetliyl bromide (CHsBr) is a colorless, practically odorless (re­
sembles that of cblorofomi), volatile liquid, with a specific gravity 
of 1.732 at 0 degrees C and a boiling point of 40.1 degrees F. At or­
dinary temperatures, it is a gas approximately 3.3 times as heavy as 
air. It is soluble in most common organic solvents but only slightly 
so in Avater. It is usually noninflammablc. Since it has a low boiling 
point, it lends to evaporate and diJTuse very rapidly. And since it is 
practically odorless and has a low water solubility, the chance that low 
concentrations would leave a residual odor or taste on fruit in cold 
storage would seem to be practically negligible. 

PROCEDURE 

A small room (734.4 cubic feet) in the apple storage at Massachu-
.setts State Colloge was used. This room is separated from adjacent 
chambers by heavily insulated walls and contaiiis brine coils for re­
frigeration. There is one small window near the ceiling in tlie back 
wall. This was replaced' with heavy brown paper firmly scaled to 
prevent the escape of gas. An electric Ian was set up on the window 
just inside the paper seal. When it was de.sircd to vent the room of the 
methyl bromide gas, the paper seal \va.s broken from tlie outside and 
the fan v.'as turned on. Another fan near the floor helped to atr (he 
room quickly. At the end of 10 minutes vcnting^ no evidence of methyl 
bromide conld be detected by the use of a halide detector. 

Only enough boxes were stacked in the roon> to make it pijsslble 
to expose the rodents at varying heights in cages coniaitung litter an<l 
bedding, used as nests. AH animals used in the tests were placed in tlie 
room about 1 hour before treatment with methyl bmmidc. Si-veral 
vancdes of apfdes were placed in Jbe rorwn for raclj .^'Cpnrate le^l so 
that any injury to the expu.sed fruit might I»c checked. Using a gas 
ma.sk, the senior author in e.arh tc.st liberated the desired quantity of 
the gas in the room. A circulating fan on the floor was turned on at 
low speed and run continuou.sh to prevent pnssiiile slratiflejiiion of 
the gas and to provide the most rapid rate of kill. 

'Contribution No. 5-(4 from tiic d«r/Vii/iuia/ F\|«Tin!e»U 
Station. 
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/Jlouse. -
$hor-t m&cido^ 

Location ^trr^'vo-r^t.eTr^ ^ j S^ 

Number, of Replications Plot Size 

Time and Date of Application 

&&4i. 
Vr€A-i-m 

'StJii Temperature 

'Scriri- Mo"rstKa4sua 

3SL^E. 

0-ti«i£ S^l'l--C^rrdrtiei=ie-

Crop (Variety) A-ppIe.^ 

Chemical . 0£iO%) Rate , 1,2. /<&.y//V»^g/y 

Method of Application ^ On^ 

TeS-J- I ^ C^irOc. -fcr^^ C^/i&.n-ryU^-i^ 

Table 4. Titnc-coiiccnlralion rates for killing mice in cold storages 
V with methyl bromide. 

Date o( futnisatien CHiQr per 
JOlXl cv. It. Expoturc Time to 

bit mice 
Injury to 
apples 

pounds 
1/1 
1/4 
1/2 

hours 
4 1/2 

huurs 
0 
U 
U 
0 

pounds 
1/1 
1/4 
1/2 

hours 
4 1/2 

3 
2 1/a 

N'o mice 
No mice 

0 
U 
U 
0 

pounds 
1/1 
1/4 
1/2 

3 
2 1/a 

N'o mice 
No mice 

0 
U 
U 
0 

pounds 
1/1 
1/4 
1/2 

3 
2 1/a 

N'o mice 
No mice 

0 
U 
U 
0 

3 
2 1/a 

N'o mice 
No mice 

0 
U 
U 
0 

3 
2 1/a 

N'o mice 
No mice 

A small commercial storage room 17,000 cubic feet capacity was 
fumigated December 5 using % pound of melliyl bromide per 1000 
cubic feet of free air space and allowing 10 per cent for leakage. Of 
the 14 mice placed at various points throughout the room, 12 were 
dead at the end of 4 hours and the other 2 died within 4 hours of 
removal to fresh air. No injury to the apjjles resuUcd. The Halide leak 
detector showed considerable leakage around doors and ports and a 
reduced concentration in the storage towards the end of the fumigalitnt 
period. 

These results indicate that pound of methyl bromide per 1000 
cubic feet kills mice witliin 4 hours without damage to apples in cold 
storage. 
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^ocle-Zy "for 6o.(eA^ce (^o) 

Mouse ('onlrol in Truii Cold Slor.^lrc^ by Mc.ins of Carboti 
Monoxide and Mctlnl Bromide Fumigaiinn' 

Hy S. ^V. I'lHmt n. 1). V. I'-MUKK, nn.l ]•.. i). I-JK.K. Jhnii'niion 
livf'Crhnnilal .S'talioj!-, SiintinnhDid. A', 

HKAVV iniVsiuttniisi of niirc in Drch.inh of ilie Cikaiiagan Valley iliir-
inir lb«i_l'A{.S_viad I'AlO scasuns rosulK-il in larj^v nundn-rs ojuerinjj 

slnraKCS In loo>c boxes of fruit, thereby caii^in;: ^t•riml.^ counDniic losi^cs ' 
to many packiiiji houses. Since neither poison bait imr cat.s gtivc elTec-
livc control, fumigation wa.s Ci.nshU-red. Fiimigniiiin o.s-pcrinicnts 
using carbon monoxide and methyl br.jmidc are veporicd in this jwiper. 

REVIEW OF LITERATURE 

The lethal properties of carbon monoxide arc well known, hut no 
exact mfonnation as to its possible use for exterminating mice in fruit 
storages wa.s available. Verbal reports from the Slate of Washint^toii 
indicated tliat carbon monoxide in exhaust gases from gasoline engines 
had been used .succc.ssful!y as a storage fuinigant for mice. 

^ Methyl liromiflc, on the other l.and, is used extensively for fumiga­
tion of food warthouEos, sliips and railway cans containing nonperish-
ahlc foodstuffs. Rhillip.s (10. 11) and Kcnworthy (0. 7) rcjjort that 
fumigation of fresh fniits with methyl hromidc for control of Japanese 
beetle and cocllin.g inoth. at conccntration.s of 2 to 3 pomid.s per 1000 
cubic feet at 75 degrees P. resulted in varying amounts of Injury to the 
fruit. Phillips ct al (10), u.sing methyl Imnmlde at the rale of 2.5 
pounds per 1000 cubic feet on apples al u core temperature of 75-78 _ 
degrees.P, produced sonic internal and e.xlernal Injury, Init when fruit 
was harvested at the correct maturity and fumigatiuii delayed until 0 
weeks after picking, injury was ucgHgiidc. 

Kcnworthy (6. 7) ftimigate<l iced cars <if afijjlcs with 2 to 3 pounds 
of methyl bromide per 1000 cubic feci, within a temperature range of 
50 to 75 degrees P. Severity of injury increased witli higlicr tempera­
tures and varied with diil'ercnt vaiietiis. 

Soulhwick etal (12, 13, 14) and P.nrgel al fl) made siitcific api>li* 
cation of methyl bromide m fruit cold .sloragc.s fur ronlrni of riKlcnts. 
Tn storage.s at 32 to 36 <Ifgrecs P. methyl hi'omidc, at a concentration 
of ponml per 1000 cubic feet of free air space fur 4 to .5 hour.s, gave 
a complete kill of rats and mire with no injmiriu.s elTcrts to .fruit. 

SouthwicU (12. 13) iih.scrved (hat niellnl bromide stiimilaleil res­
piration and MiKiiIng of jna'-climatterie Irnil. Init had no elTect on 
frnit (hat had hegnn iho climacterie rise. Llnypoul f2) reported ae-
celeralnl ripening on llarllelt p«'ars with eonei'iuraiifm.'i of 2 or more 
pounds 111 metliyl hromiile per 1001) mhic feel with no actual phvslcal 
harm lo the frnii, Init in general .a cleleiioration in snhseijtient caling 
(luality. Knoll and (layptinl (."<) fmmd ihal methyl hrtunidc stimu­
lated certain im-laliolir proc«*nses uf "inatnn* gicen" tiimalfie-^. 

'Oimr.'l)»li'in X<»,/')! Dhisinn of ttniilcwtUuc. I'.siterbm'iii.d banns S»"vv»>v, 
Dcuniiikm IJrnariincnt of AjTrbuhutc Tsiveixxd for iii'l'l'raiinii June 21, 
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PRELIMINARY TESTS WITH 

METHYL BROMIDE AND DICHLORVOS AS 

FUMIGANTS FOR BOOPHILUS SPP. TICKS AT 

QUARANTINE STATIONS 
By W.J. Gladncyi 

ABSTRACT 
Fumigating engorgctl female ticks {Boophilus aimiilatits and Boophilus 

micvoplus) witU methyl In-omide gas fov 15 minutes in metal drums pre­
vented the ticks from laying eggs (caused 100 percent female mortality). The 
effectiveness of dichlorvos strips (20 percent active ingredient) depended on 
temperature and length of exposure: at 1 - to (>'' C, tide control (an estimate 
based on the decrease in the reproduction of treated ticks when compared 
to tlic reproduction of untreated ticlis) ranged from 16 percent after 1 hour 
of fumigation to 61 percent after 24 hours; at 29' to 34® C, control ranged 
from 36 percent aftei- 1 Iiour of exjiosure to 81 percent after 24 hours. 
Tccimica] didilorvos afforded consistently poor control (0 to 25 percent) 
at all temperatures and exposures tested. In limited tests, Immersion of 
engorged female 1). innuihitns in saturated KaCl solutions also provided 
consistently poor control (0 percent after 5 minutes to 27 percent after 
1.5 hours). 

INTRODUCTION 
Ti\o importation into the United States of 

hunting trophies from Mexico poses a problem 
for Federal animal heaU.li officials. Occasionally, 
Animal Plant and Hcaltli Inspection Service 
(APIUS) personnel at bordei' inspection sta­
tions find that sucli items as deer liicles and 
heads are infested by ticks. Because APIIIS, au 
agency of the U.S. Department of Agriculture 
(USDA), is charged witli enforcing quarantine 
regulations to pi'cvent imiiortation of DoophUua 
spp. licks into the United Slates, inspection per­
sonnel need a suitable and relinble technique for 
killing all Z>oop/nYa.'i spp. females. 

At present, APIllS has no dependable method 
for killing Baaph HPS spp. ticks on trophies. Some-

' IU'SCIOTII onloniolo/rlsl, U.S. LivcMorJ; Insecl.s Lnb-
oratory, AgvfcjiUur.a! iJcsparch Service, U.S. Doparlmcat 
of ARi'icidUnT. V 'JIW, Kevvville, Texas. 78028. 

times trophies arc packed inside plastic bags 
with a saturated NaCl solution to kill ticks, but 
the effectiveness of this treatment is unknovm. 
Many ports of entry along the United States-
Mexican border are small facilities with limited 
personnel who arc not experienced in handling 
control chemicals. Also, rapid treatment of 
Irophics is necessary so that iiiinters returning 
to the States will be detained fo)* as little time 
as possible. Tiierefore, APHIS personnel need a 
simple, safe, rapid, and effective teclmique for 
killing ill! Bnophiliis spp. females that may be 
attaclicd to trophies. 

APIIIS requested tliat the Agricultural ilG-
senrclj Service (AKS) do limited experimental 
lo.sling to detovmine the effecliveno.ss of di-
chloi'vos and mctiiyl bromide (McBr) in the 
fumigating and killing of female Boophi'w: spp. 
ticks. LilUo information is available regarding 
the efficacy of fumiganis against ticks, and tto 
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information is available on the efficacy of di-
chlorvos vapors on engorged female Boophilus 
spp. ticks. Bai'nett and Parsons- fumigated bales 
of liay infested witli several species of ticks with 
MeBr and obtained variable results. KotlP ob­
tained 100 percent control of uii engorged adult 
Rhipicephdbis sanpidncns (Latreille) (brown 
dog tick) with MeBr in fumigation drums. 

Reported here arc results of preliminary tests 
wltli dichlorvos and MeBr against engorged fe­
males of Boophilus (mnulatus (Say) and B. 
microphts (Canestrini). All tests were conducted 
at a sublaboratory of the U.S. Livestock Insects 
Laboratory (ARS) at Nuevo Laredo, Tamauli-
pas, Mexico, during 1973. 

A/ATERIALS AND METHODS 
From 1964 until 1974, we maintained colonies 

of B. annulatus and B. microi)lus on cattle at 
Nuevo Laredo for use in spray or dipping tests 
with lick-infested cattle, in laboratory dipping 
tests, and in basic biological studies. Druinmond 
ct al.' have described in detail the rearing proce­
dures and handling methods u.sed with the ticks. 
Engorged female ticks available from infesla-
lion.s established for' llie usual insecticidal tests 
were used in the fumigation tests reported liore-

Test 1 
In early January of 1973, fresh hides of wliite-

tailcd dpcr, Odocoileus virninianus (Boddaert), 
wore available from a local slaughterhouse. We 
obtained three liidcs weighing between 1.71 and 
2.12 kilograms from the slauglitcrhouse. 

Group.s of 10 female B. annulatvs wore 
weighed and placed inside specially coiLstructed 
screen wire cages of 1- by 1-millimcter me.sh 
copper screen. The cages were 9.5 centimeter.^ 
long and 2.5 centimeters in diameter. After the 
females were placed inside, the cages were stop­
pered with a plastic No. 12 Caplug. A total of 18 
cages were used, with 10 ticks in each cage. 

snai'iiclt, S. P., niid Parsons, 13. T. 19G3. The COMLIOI 
of UcUs on fodder and bcddinc usinR inutbyl bromitlo. 
VcLRcc. 75:1213-1215. 

Uotl), ir. 1973. Fuinipant? for qnnrantino control of 
llio adult brown dop tick: Laboratovy studies. J. Kcon. 
Enlomol.GC: 1283-1280. 

* Dnnmnond, P. 0., Grnhnnj, 0. H., Ernst, S. E,, niid 
Trovlno, J. L. 19G7. Evaluntion of insocticidcs for the 
control of Pooy/iPns (t/Diidafus (.Say) and If- viicraphis 
(Gaiicslrini) [Acnrina: Ixodidacl on cnttlo. Proc. 2ti Int. 
Conirr. Acnrol., pp. 493-'108. 

Three 208-liier (55-gallon) drums wore used 
as fumigation chambers. Tiie outer rims of the 
drum lids were lined with weather stripping to 
create an airtight seal when tlie lids were secured 
on the drums with metal rim straps. 

A special false bottom was constructed of a 
No. 9 flattened expanded metal (hole size, 1.9 
by 3.8 centimeters) to go inside the first drum. 
The false bottom was 54.6 centimeters in 
diameter; it fit just inside the 57.1-centimoter-
diameter drum and was supported by three 
20.3-centimeter-high legs which rested on the 
bottom of the drum. This circular metal grate 
supported a deer hide above a 1-liter beaker 
containing technical dichlorvos which re-sted on 
the bottom of the drum. 

A metal hook was soldered to the center of the 
lid of the second drum so that dichlorvos strips' 
could be suspended by wires from the hook. No 
special modifications were made on tlie third 
drum, wiiicli served as a control. 

In the first drum, 45 grams of technical di-
rblorvos v/as poured in tlie 1-llter beaker; in the 
ssocond drum, two 20 percent dichlorvos stj'ips 
(total weight, 225 grams) wore suspended from 
the inetal Jiool:; the tliird drum received no 
treatment. 

One deer hide was placed in eacli drum, and 
three cages of engorged females were folded in 
the center of each hide so that the cages were 
completely covered witli the hairy side of the 
hide. Three other cages were placed directly on 
top of the flesh side of each hide Thus, a total 
of six cages were placed in each of the three 
drums. Timing of the test began when the metal 
lids were secured to the tops of the drums. 

Drums were opened at the end of 1, 4, and 24 
houns of exposure, and one cage was removed 
from both the top and the middle of cacli hide 
after each exposure period. All fumigation tests 
wej'c conducted in open-sided stalls with a 
wooden roof .HO that tlio drums were exposed to 
ambient temperatures tliat ranged from 1® to 
G® C at normal atmospheric pressure. 

Immediately after removal from tlic dvnms, 
the 30 females in cacJ) cage woi'e transfoiTed to 
a labeled 8-dram glass vial and placed in a con-
slant-tcmperaiuro cliainber (27" C and about 85 

No-Pcr.t Sti'ip Iiisccllcidc, Slrell Chomicnl Co., G.in 
Uainoh, Calif. 01583 (active injjroflioats: 18 percent 
dlchlorvo.'?, 2 iievcctilrelated coinpniinds; 80 percent inert 
in{;icdienU5)« 
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percent relative humidity). After the females 
coJuplelcd ovipo.sition, Uicir es'g's were removed, 
weiglied, and returned to the clmmber. After 
hatcliing; of eggs was complete, the percentage 
of egg hatch was estimated. 

Tlie estimated reproduction (BR) was calcu­
lated for cacii group of females by the formula 

XhatchX20,000«BR 
g 9 

wliere geggS' 
g 9' 

°/o haich= 

=weight of eggs, in grams, 
^weight of females, in grams, 
^percentage of eggs laid that 
hatcli, 

20,000=a constant, the number of 
eggs in a 1-gram mass. 

Percentage of control for each treatment was 
then calculated by the formula 

and 

untreated BR—treated BR 
untreated BR 

XlOO=x5^ control. 

Test 2 

In mid-June of 1973, a second test was con­
ducted in which dichlorvos strips, technical di-
chlorvos, and MeBr gas were evaluated. Fresh 
doer hides were not available at that time oC 
year so Die test was conducted in a manner simi­
lar to that of test 1 except that cag^js of females 
were placed inside tiio drums ^v'^thout wrapping 
them in deer hide. Also, an additional exposure 
time of 2 hours was evaluated. 

Dichlorvos, both in 20 percent strips and as 
a technical liquid, was tested against B. micro-
plus females by placing the two formulations 
inside the fumigation drums as in test 1. The 
number of replications (10 females per cage) 
per t)*eatmeni and e-xjiosure time ranged from 
2 to G. Only one replication per exposure time 
was I'un for the unti'outed controls.. 

A soil fumigant contained in cans as a liquid 
under pressure was the source of MeBr." A 
special liose with a metal adapter was affixed to 
each can, piinccuring the can. A valve at Die 
junction of the adapter and the can kept the 
fumigant from being released as a gas. The liose 
was then inserted into a fumigation drum 
through a small .slit between the lid and upper 
rim of the drum and tlie valve was opened, re-

" Peslinn.stcv Soil Funiignnt-l, Michigan Chojnic.il 
CoriJ., Clncftgo, 111. (ncUvc Ingrotlienls 08 pei'cont McBr, 
2 peiobnt chloj'oplcnn). 

leasing the gas into the drum for either 15 sec-
oiicls or 1 minute. 

Cages containing the female ticks were placed 
inside tiie drums immediately before the gas was 
released and wore removed from the drums im­
mediately after their exposure time was com­
plete. Protective equipment (respiratory mask, 
eye goggles, and I'ubber gloves) was worn by 
the investigator while the gas was introduced 
into the drums and while females were being 
removed from the drum.s. With B. microplus, six 
cages of females were exposed to the MeBr gas 
for 15 minutes, and six additional cages were ex­
posed for 1 hour. With B. annulaUis, four cages 
were exposed for 1 hour. Temperatures during 
test 2 ranged from 29? to 34° G. Females were 
maintained and BR for eacii group was computed 
as in test 1. 

Test 3 
In this brief test, saturated NaCl .solution was 

evaluated for its effectiveness in tlie control of 
reproduction of female F. annulaltts. 

NaCI crystals wore stirred into 100 milliliters 
of water until no more of the salt would go into 
solution and a residue of the cry.stals remained 
in the bottom of 135-milIiliter ice cream cups. 
Ten females wore placed m each of four different 
cups and exposed to the solutions for 30 seconds, 
S.minutes, 1.5 hours, or 2 hours. Ten control fe­
males wore placed in untreated water for 2 
hours. Females were allowed to air-dry by con­
fining them on paper towels before they were 
placed in vials. The vials were placed in constant-
temperature chambers as in test 1, and ER was 
computed for the females as in tests 1 and 2. 

RESULTS 
Test 1 

Table 1 shows that dichlorvos vapors from the 
strips provided a higher level of control of ER 
than did the technical liquid. The liighest level 
of control was obtained with ticks located o]i top 
of the deer hide exposed to the strips for 24 
hours. Level of control by strips was greatly re­
duced at exjjosurc times of less Dia-i 21 hours 
and Avas lc.ss for ticks folded inside tlin deer liides 
than for ticks on top of the hide. Control pro­
vided by technical liquid was extremely low for 
all exposure times and for brtii cag'> locitions. 
Low ambient Icmpcratures that pi'cvailcd during " 
test 1 jn-obably accounted for the low level oT 



TAKLE 1.—Reproduction of ejiporged female Boophilus annulatus after 
exposure to technical dichlorvos or dichlorvos stripsiiif imioation drums 

Formulation 
and cage 
position 

Exposure 
(hours) 

Weight of 
10 9 

(grams) 

Weight oi 
total ogg 
masses 
(grams) 

Hatch 
(pet of 

eggs laid) 

Reproduction 

Ell> Pet of 
control 

Strip t 
On top of (leer 

hide 
Do ..... 
Do 

Covered by 
deer hide . • • 

Do 
Do 

Technical: 
On top of deer 

hide 
Do 
Do 

Covered by 
door hide •. 

Do .... 
Do 

Control: 
On top of deer 

hide 
Do 
Do 

Covered by 
deer hide .. • 

Do 
Do 

1 ER= 

1 3.0G 1.G35 85 9,083 16 
4 3.58 1.994 90 10,026 11 
24 3.12 .G32 95 3,849 64 

1 3.30 1.810 90 9,873 12 
4 3.3G 1.989 95 11,247 0 
24 3.36 1.789 85 9,052 21 

1 3.49 2.027 90 10,454 4 
4 3.26 1.876 95 10,934 3 
24 S.51 1.904 97 10,524 2 

1 3.27 1.748 €5 10,157 9 
4 3.44 2.005 DO 10,491 0 
24 3.25 1.632 95 9,541 17 

1 3.19 1.819 95 10,834 .. 

4 3.28 1.913 97 11,315 
24 3.41 1.882 97 10,707 •• 

1 3.61 2.130 95 11,211 
4 3.19 1.827 80 9,164 .. 
24 3.39 2.046 95 11,467 

:Estimatcd reproduction. 

control observed since the vaporization and in-
secticidal activity of diclilorvos are reduced at 
lower temperatures. 

Test 2 

Table 2 shows a direct exposure time-activity 
relationship for dichlorvos strips; the longer the 
exposure time, tlie greater thr percenta'ge of 
control. A higher level of control provided by 
strips was observed in test 2 than in test 1, ap­
parently due to the higher ambient temperatures 
that jn'ovailed during test 2. Also, as in test 1, 
technical dichlorvos provided a lower level of 
control than did tlic dichloiwos from strips. A 
fumigant containing 98 percent MeBr was 100 
percent effective at various exposure times 
against both species of female Roophilus. 

Test: 3 

'Die dat.'j in table 3 siiow the i-olative incffoc-
iivcnc-ss of saturated NaCl solutions foi* control 

of female 7>. annulatns. Exposure times of 5 
minutes or less had virtually no effect on the 
reproduction of this species, while exposure 
times of 1.5 to 2 hours provided tery slight con­
trol ofER. 

CONCLUSIONS 
MeBr fumigation was l)y far the most.satis­

factory treatment tested from the standpoint of 
both minimum recjuircd exposure time and effec­
tiveness of the cheir'cal in the control of tides. 
Fumigation with ]\lcBr requires the use of safely 
equipment such as gas masks, eye ^oggle-s, and 
rubber gloves by personnel conducting the opera­
tion. Fumigation witli this gas should be done 
outdoors. 

Technical diclilorvos in drums would not be 
satisfactory for tlie fumigation of liunting 
ii'opliies at ambient temperatures because cf the 
low level of control observed with this formula-
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TABLE 2.—Reproduction of C7i(;or{/ed female Boophilus spp. ticks after exjjosurc to dichlo7-vos sti'ijis, 
technical diclilorvos, or MeBr gas in fumigation dnmis 

Treatment, 
spcclcs, 

nnd 
formulation 

Repli­
cations 

Exposure 
(hours) 

Avcr.ngc total 
5 weight per 
replication 
(grams) 

Weight of total 
egg masses, 
average per 
replication 
(grams) 

Average 
hatch 
(pet of 

eggs laid) 

Reproduction 
Average 

Avorago 

control' 

Dichlorvos, 
B. microplus: 

Strip ... G 1 3.15 1.164 79 5,995 36 
Do ... 4 2 3.03 .964 88 5,501 47 
Do ... 2 1 3.22 .642 88 3,456 66 
Do ... 2 24 3.08 .441 58 1,616 81 

Technical ... ... 0 1 3.04 1.516 95 9,455 0 
Do ... 4 2. 2.8G 1.529 90 9,620 6 
Do 4 3.11 1.218 98 7,686 25 
-Do ... 2 24 3.17 \.574 95 9,443 0 

Control ... 1 1 3.05 1.504 95 9,369 
Do 2 2.9G 1.552 98 10,277 
Do ... 1 4 3.17 1.G55 98 10,233 
Do ... 1 24 3.23 1.391 08 8,441 

MeBr, B. 
?nfcroph«;: 

Gas' ........ ... G 1 3.01 0 0 0 100 
Do< ... 6 .25 3.13 0 0 0 100 

Control ... 1 1 3.00 • 1.786 95 11,311 
Do ... 1 .25 3.35 1.612 95 9,143 

MeBr, D. • 
9,143 

un7iulaliu: 
Gas' ... 4 1 2.96 . 0 0 0 100 
Control ... 1 1 2.79 1.372 80 7,868 • • 

' Estimated reproduction. 
' Bused on average treated Ell and imtveHtcd ER. 
' 1 minute elapsed while gas traveled from the can into thu drum. 
* 0.25 minute elapsed while gas traveled from the can into the drum. 

TABLE 3.—Reprodjictmi of engorged female Boopliilus annulatus dipped 
in salwaicdNaCl solution 

Tim.iu Oif-I ^Sfl'oro KopvoaucMo,, 
solution °/ 5 masses ERi 

(grams) ovipositing (gj-ams) eggs laid) contvol 

SO seconds 2.77 , 2 1.372 05 9,411 3 
5 mimilcs 2.87 1 1.507 95 9,977 0 
1.5 hours 3.49 1 1.G59 75 7,130 27 
2 hours 3.23 3 1.34G 95 7,918 19 
2 liours2 3.17 0 1.714 90 9,733 

> Estimated roproduclion. 
- Controls in nntre.aled valer. 

lion in bolh tests 1 and 2. Dichlorvos strip.s may and hidci arc placed so that the outer sfcinis fully 
be used to achieve a relatively high level of con- ^^xpf'sed to tlic vapors. , 

Packing hide.s in a saturated Nal/l solution 
trol if ambient temperatures are moderately woulu not be a satisfactory treatment foi-control 
high, exposure time can be long (>2*1 hours), of /j'oop/ii7«s females. 

81975~R. p.0.-1750-5/671-583/44 
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